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Abstract 
Today’s technology is evolving at an exponential rate.  Everyday technology is 
finding more inroads into our education system.  This study seeks to determine if having 
access to technology, including iPad tablets and a teacher's physical science webpage 
resources (videos, PowerPoint® presentations, and audio podcasts), assists ninth grade 
high school students in attaining greater comprehension and improved scientific literacy.   
Comprehension of the science concepts was measured by comparing current 
student pretest and posttest scores on a teacher-written assessment.  The current student 
posttest scores were compared with prior classes’ (2010-2011 and 2009-2010) to 
determine if there was a difference in outcomes between the technology interventions and 
traditional instruction.  Students entered responses to a technology survey that measured 
intervention usage and their perception of helpfulness of each intervention. 
The current year class’ mean composite scores, between the pretest and posttest, 
increased by 6.9 points (32.5%).  Student composite scores also demonstrated that the 
interventions were successful in helping a majority of students (64.7%) attain the 
curriculum goals.  The interventions were also successful in increasing student scientific 
literacy by meeting all of Bloom's cognitive levels that were assessed.   
When compared with prior 2010-2011 and 2009-2010 classes, the current class 
received a higher mean posttest score indicating a positive effect of the use of 
technological interventions.  The survey showed a majority of students utilized at least 
some of the technology interventions and perceived them as helpful, especially the videos 
and PowerPoint® presentations.    
	  	  xiv	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Chapter 1 – Area of Focus 
 
Introduction 
Many teachers today are faced with the challenge of educating students with 
various ability levels and socioeconomic backgrounds.  Many of those students have little 
interest in or motivation for school.  State and national legislation provide a framework 
for instruction, but also seem to place all the accountability for student education on the 
teachers.  Within finite class periods and contact time, educators must help students to 
make connections between science content and their everyday lives.  Teachers are also 
tasked with ensuring that all students become scientifically literate, life-long learners - 
who embrace all the science knowledge that will enable them to be active, knowledgeable 
citizens in our democratic society. 
Education itself has evolved by developing varying pedagogical approaches to 
address the seemingly overwhelming challenges presented to teachers by students and 
curriculum.  Armed with educational methodologies and research, teachers strive to meet 
these contemporary challenges.  One emerging strategy for teachers is to utilize 
technology to meet students’ educational needs. 
This study sought to determine if having access to technology, including iPad 
tablets and the teacher’s physical science webpage resources, could affect students’ 
learning.  The use of technological interventions (videos, PowerPoint® presentations, and 
audio podcasts) was assessed to determine their impact on (1) improving my ninth grade 
physical science students’ comprehension of the content standards and (2) scientific 
literacy compared to traditional instruction. 
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Motivation for the Study 
I have taught science for fourteen years in the United States (Michigan and Idaho) 
and Africa (Kenya).  Currently, I teach at Calumet-Laurium-Keweenaw (CLK) High 
School, which is the most northern school district in Michigan.  There are approximately 
thirty teachers and 420 students at CLK high school, with approximately 67% of the 
students receiving free or reduced-price lunches.  The school’s mission statement reads, 
“The mission of Calumet High School is to educate all students in a supportive, 
challenging, and disciplined environment to become lifelong learners whose performance 
is a credit to themselves and society.”   
The courses I teach include tenth grade biology and ninth grade physical science.  
The physical science class encompasses the physics and chemistry “essentials”, as 
defined by the Michigan High School Science Content Expectations.  In a typical year, 
the top 15 to 20 percent of the ninth grade students choose to bypass the physical science 
course and start their high school career in biology.  Many of the students who enter 
physical science are unmotivated and have had little previous success in science.  Several 
have failed all their science classes in middle school.  However, the standard middle 
school practice is to pass these students on to the next grade level.  When I refer to 
information that should have been learned in middle school, students claim they do not 
know or recall the material.   
An additional challenge for me and my students is their inadequate reading skills.  
Each year, I have one or more students at very low reading level.  I believe that reading 
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from books or other resources is an important skill to have.  As a science teacher, I 
encourage students to focus on reading for comprehension, not to simply pass a test. 
 
Curriculum Goals 
I hypothesize that students will comprehend the physical science course 
objectives more readily if they are able to review supplemental videos, PowerPoint 
presentations, and audio podcasts covering the earth science and chemistry curriculum.   
The videos, PowerPoint presentations, and audio podcasts that I selected to use 
with my physical science class served several purposes.  Students used these 
interventions to: 
1. Review lecture materials to strengthen their comprehension of the material. 
2. Clarify confusing material or misconceptions. 
3. Find out about authentic perspectives of past and present science contributors.  
The teacher provided links to PowerPoint presentations, videos, and audio 
podcasts relating contributions by historical figures and modern scientists.  
These interventions are intended to solidify the idea that science is an active 
process with many goals and differing paths and practitioners.   
4. Help students explore and support the idea that the science content learned in 
this class may be helpful in their future career.   
Governor Rick Snyder proposed a new public school learning model on April 11, 
2011 entitled “Any Time, Any Place, Any Way, Any Pace” (Snyder, 2011, p.7).  Snyder 
stated that, “Michigan’s education system must be reshaped so that all students learn at 
high levels… they must think and act innovatively, demonstrate high performance, and 
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meet the highest expectations (Snyder, 2011, p.1).  He goes on to say that, “Education 
opportunities should be available 24 hours a day, 365 days a year” (Snyder, 2011, p. 7). 
The CLK school system is utilizing several approaches to meet the challenge set 
by Governor Snyder and the needs of our community.  The CLK school has adopted the 
phase, “Anytime, anywhere” - using an abbreviated version of Snyder’s new learning 
model.  Teachers are encouraged to utilize technology for greater student comprehension 
and achievement.  This study will help determine the success of the CLK school system’s 
efforts to meet this goal. 
This study also aligns with CLK school’s technology mission, "CLK - Leading 
with technology for teaching and learning” and our philosophy, “Today’s students will be 
part of an ever-changing technological society. Our graduates must have sufficient 
understanding of technology to ensure that they will continue to be competitive in the 
workplace and engage in lifelong learning.” 
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Chapter 2 – Literature Review 
Scientific Literacy 
The Michigan Department of Education (MDE) has identified scientific literacy 
as one of the most important goals of science education.  At the very beginning of the 
Michigan Essential Goals and Objective in Science Education (MEGOSE) document, the 
authors begin with “Scientific Literacy for All Students”.  This section starts with a quote 
from the American Association for the Advancement of Science, “By all accounts, 
America has no more urgent priority than the reform of education in science, 
mathematics, and technology” (Rutherford and Ahlgren, 1990, p. viii).  The MEGOSE 
authors go on to say that, “the primary purpose of K-12 science education, therefore, 
must be scientific literacy – an understanding of those aspects of science that are essential 
to full participation in a democratic society – for all students” (MEGOSE, 1990, p. 3). 
The MEGOSE (1990) document maintains that building scientific knowledge is 
complex and challenging; students would have a difficult time navigating the language 
and concepts without direction.  Teachers must provide this guidance and support.  It is 
not enough for educators to cover science concepts, such as Michigan’s Grade Level 
Content Expectations (GLCEs) (2010).  The goal is to empower students to comprehend 
intricate, multifaceted topics that transcend any specific science discipline, such as earth 
science, biology, or physics.    
Scientific literacy is the understanding of science concepts that is necessary for 
students to participate in making rational decisions in a democratic society.  A 
scientifically literate person is empowered to construct knowledge, reflect on the 
implications and meaningfulness of the knowledge, and use this knowledge to describe, 
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process, explain, and control the world around them in a meaningful way.  Scientifically 
literate students need to be able to reflect on the content and determine the weaknesses 
and limitations of arguments that are presented as scientific.  These individuals can use 
their science knowledge to explain phenomena (real world situations) and design 
solutions for current problems and future challenges.  Scientifically literate students use 
these skills and motivation to become lifelong learners and actively participate in a 
democratic society. 
Michigan establishes a goal of education to empower students so they are able to 
think for themselves and use the skills necessary to solve the challenges of today and 
tomorrow.  Students need to be able to construct new knowledge through research, 
reading, and discussions.  Students should develop the skills to debate and critique the 
scientific knowledge that they have learned.  As educators, we do not want students to 
simply be a sponge – absorbing the information and then simply giving it back to us on 
an assessment as we squeeze the information back out of them.  The intent is to have 
students evaluate the information that is presented.   
The MDE has used the Science for all Americans report from the American 
Association for the Advancement of Science Project 2061 as a guide for establishing 
curriculum to build scientific literacy.  The authors of Science for all Americans 
organized the curriculum objectives around three components – knowledge, activities, 
and contexts.   
The knowledge facets are centered on “describing ideas, strategies, and the 
connections among them.”  Again, the goal of Michigan education is not for students to 
memorize facts and figures, but to understand the connectedness and relationships of 
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underlying themes and systems.  Science for all Americans identified six characteristics 
of scientific literacy that are related to “knowledge”: 
• Being familiar with the natural world and recognizing both its diversity and its 
unity. 
• Understanding key concepts and principles of science. 
• Being aware of some of the important ways in which science, mathematics, and 
technology depend on one another. 
• Knowing that science, mathematics, and technology are human enterprises and 
what that implies about their strengths and limitations. 
• Having a capacity for scientific ways of thinking. 
• Using scientific knowledge and ways of thinking for individual and social 
purposes (MEGOSE, p. 5). 
 
The MDE scientific literacy activities component is centered on the “Social 
Nature of Understanding” (MEGOSE, p. 6).   In a productive, democratic society, 
individuals communicate, debate, and work together to solve problems using scientific 
knowledge.  Using the Science for all Americans report, the MDE grouped “objectives” 
(intended learning outcomes) into three broad categories of activities (not processes) that 
were considered characteristic of scientifically literate individuals.  These categories were 
USING scientific knowledge, CONSTRUCTING new scientific knowledge, and 
REFLECTING on scientific knowledge (Yarroch, 2003).  These three activities are 
“common in scientifically literate communities” (MEGOSE, p. 6). 
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The MDE organized the primary science content objectives around the “using” 
component.  Yarroch (2003) explains that, “This was knowledge to be employed in 
describing, predicting, explaining, and controlling the environment about the literate 
individual, rather than just regurgitated facts for the sake of passing tests”. 
The third element of Michigan’s scientific literacy agenda is the understanding of 
scientific knowledge in a real-world context.  Scientifically literate individuals can 
differentiate between concepts, including those within a specific discipline.  In a physical 
science class, students must identify and distinguish different types of phenomena, 
including motion, electromagnetic relationships, and physical, chemical, and nuclear 
changes in matter.  Other contexts include natural (life science), geological (earth 
science), technological, historic, and economic systems (MEGOSE, p. 7). 
The National Science Education Standards (NSES), published by the National 
Research Council (NRC), provide structure and guidance for all states in the Union.  
They identify major benchmarks that should be attained by all students, with a focus on 
scientific literacy.  The NSES state that scientific literacy “is the knowledge and 
understanding of scientific concepts and processes required for personal decision making, 
participation in civic and cultural affairs, and economic productivity” (NRC, 1996, p. 22) 
The NSES incorporates not only science concepts, but also science as inquiry, 
science and technology, science in personal and social perspectives, unifying concepts 
and processes in science, and history and nature science.  As a comparison, Michigan 
specifies certain objectives to include social implications, technology, and historical 
perspectives.   
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The NSES and Michigan Curriculum Framework Science Benchmarks (MCF), 
produced by the MDE, both focus on the general theme of scientific literacy: that science 
is something students do, not something that is “done to them” (NRC, 1996, p. 20).  
Science is an “active process” (NRC, 1996, p. 62) and “scientifically literate students are 
learners as well as users of knowledge” (MDE, 1996, p. 2) who can: construct, reflect, 
and use science to describe, predict, explain, and design.  Science needs to be a “minds-
on” experience (NRC, 1996, p. 20), so students can attain the knowledge and 
understanding of scientific concepts and phenomena for use in their daily lives. 
Reflecting on the MCF and the NSES goals and benchmarks, I feel schools have 
the foundation to build scientific literacy amongst Michigan students.  Implementation 
and usage of these benchmarks is however a challenge to many educators.  
Unfortunately, there are other factors that teachers need to help students overcome before 
they can become successful. 
“Research indicates that gender, cultural and psychological barriers, and 
curricular teaching strategies are the major contributing factors to low participation, 
interest, and achievement by minority students in science and mathematics” (Fraser-
Abder, 2005).  Educators need to be conscious of their students’ learning environment, 
previous knowledge, strengths and weaknesses, and even their socio-cultural background.  
As a principal that I worked with once said, “Students won’t care what you [teacher] 
know, until they know that you care” (Horton, 2005a).  Caring educators help students 
develop a passion for learning that does not stop at a high school diploma.   
Another goal of science literacy education is to empower students to be lifelong 
learners.  “From this ‘life-long learning’ perspective, the goal of compulsory school 
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science education is to provide a basis for future learning… it is important that school 
science promotes a positive attitude towards engaging with science by giving students a 
sense that science is a subject that they are capable of interacting with as adults” (Ryder, 
2001, p. 4).  Thomas Carruthers adeptly summarizes the role of teachers in helping 
students become lifelong learners with, “A teacher is one who makes himself 
progressively unnecessary.”   
The schools foster the expectations and guide the life-long learner toward science 
understanding.  However, students need to continue their science education beyond the 
classroom.  “Few if any students can be said to be scientifically literate upon graduation 
from high school in any meaningful sense of the word. At best, students have been 
introduced to science and the issues that science raises in society, and they like science 
and care enough about it to stay informed as adults” (DeBoer, 2000, p. 597). 
Identifying similar themes that characterize scientific literacy, Jim Ryder (2001) 
refers to the American Association for the Advancement of Science (AAAS) publication 
Benchmarks for Scientific Literacy.  This AAAS Benchmarks document aims to provide 
“a set of recommendations on what understandings and ways of thinking are essential for 
all citizens in a world shaped by science and technology” (AAAS, 1990, p. xiii).  A large 
array of science issues are identified under the headings “nature of science”, “historical 
perspectives”, “common themes” and “habits of mind”. 
The NSES also identifies another key attribute of scientifically literate citizens – 
the ability to critique scientific data, while evaluating the sources and techniques used to 
produce the information.  “Scientific literacy also implies the capacity to pose and 
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evaluate arguments based on evidence and to apply conclusions from such arguments 
appropriately” (National Science Education Standards, 1996, p. 22) 
To emphasize the need for scientifically literate citizens to think critically, Ryder 
(2001) illustrated a real-world example.  A cement company took emission measurements 
near a village in the United Kingdom, but only made public one value.  Scientists 
discovered that the cement company had frequently conveyed the lowest of the emission 
measurements taken: “for example, one of the three baseline measurements was selected 
to show a 75% reduction in heavy metals whereas choosing another would have shown a 
10 fold increase’ (Ryder, 2001, p. 3).  The cement company gave only a single 
measurement with a trouble-free emissions value, “without any communication of the 
inherent variability associated with the measurement.  For the local residents, an 
appreciation of the fact that measurements do carry variability may have enabled them to 
engage critically with company officials by asking about the number of measurements 
taken, and the spread in these measurements” (Ryder, 2001, p. 3).   
It is not only regular citizens that need to be scientifically literate, but also 
teachers and administrators.  Educators make important decisions that affect students, 
such as choosing curricula, textbooks, or readings.  Bracey (2000) highlights this by 
comparing two different reading programs – “the remedial program, Success for All, in 
one school and… [the] regular reading program in another” (Bracey, 2000, p. 58).  Then 
Bracey posed the question, if student reading scores are higher in the Success for All 
program compared to the standard reading program, should the district simply adopt the 
new program?  The decision could affect thousands of students and cost the district 
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millions for dollars.  Is this the right choice?  As educators, we too must not let a single 
number charm us into a decision without thinking critically and evaluating the situation.   
We need our citizens to be knowledgeable (scientifically literate) on the 
economic, political, and cultural topics that affect our society.  The NSES serve as a 
template for the development of each individual state’s benchmarks and standards for 
scientific literacy and inquiry. Each state prepares and assesses its own standards, but 
should emulate the goals and aspirations of the national standards.  Finally, the 
knowledge identified in the standards is necessary to maintain and foster an active and 
informed democratic society. 
 
Historical Audio-Visual Supplemental Instruction 
Every day, you hear radio announcements telling you that their programming can 
also be heard on the internet via podcasts; there are countless television programs stating 
their highlights can be seen on video feeds also found on the web.  Educators are 
beginning to catch on to this new method of educating our youth.  However, the idea of 
audio-video learning has been around for almost half a century. 
In 1967, educators at St. Petersburg Junior College in Clearwater, Florida were 
looking for a new way to bolster student test scores in their earth science program.  Since 
the opening of the school in 1964, “nearly 40% of the students registered for earth 
science received less than ‘C’ as a final grade (Gould et al, 1972, p. 81).  St. Petersburg 
Junior College created a learning center that included a “Burgess reel-to-reel audio tape 
machine, a Kodak Carousel slide projector, and other material needed during a specific 
unit [film strips, brief single-concept movie, etc.]” (Gould et al, 1972, p. 81).  Students 
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were able to hear the professors’ lectures at their own pace.  They could rewind and play 
back material that they needed to review.  Also, the slides gave students the opportunity 
to see what the professor was describing in their lectures.  At different points in the 
professors’ lectures, students were instructed to stop the tape and carry out an activity or 
observe a demonstration.  “The pauses serve a two-fold purpose – to prevent fatigue and 
to encourage a more active approach to the audio-visual lesson.” (Gould et al, 1972, p. 
82). 
At the end of the first semester, the randomly selected students in the audio-visual 
group only had 19 percent of the students receive a grade lower than a C, while the 
standard students had 29.2 percent (Gould, et. al, 1972).  In the second semester the 
results were more dramatic, with only 12 percent of the audio-visual students not 
achieving a C, at the same time as the conventional students had 30 percent.  After the 
second semester of the program, all earth science classes included the audio-visual 
tutorial program.  Mott (1980) reviewed the program ten years later and found that the 
program now serves five times the number of students.  He also stated that “the students 
come away with better grades and more positive attitudes” (Mott, 1980, p. 233). 
 
Podcasts and Videos 
In recent years, videos and podcasts accessed via the internet have evolved into a 
technological phenomenon.  This wave of new technology is used daily by a majority of 
grade school students.  However, there is limited research data on the learning effects of 
videos and podcasts when used in conjunction with a high school setting.  On the other 
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hand, many colleges and universities around the world have also begun utilizing these 
resources. 
Higher education has been the vanguard in seeking ways to embrace this new 
technology, especially podcasts.  In 2004, Duke University gave away iPods to each 
person in the freshmen fall semester, which totaled 1,650 students (Read, 2005a).  
Professors incorporated this new technology in their classrooms.  The main focus was on 
having professors’ lectures available as podcasts.   
After a year of implementation, it was reported that “75% of freshmen surveyed 
said they used the devices for at least one course… [of the] almost 50 courses, with a 
total of more than 1,200 students, made use of the technology” (Read, 2005c, p. A28).  
An array of professors utilized this technology in their various disciplines including 
language, economics, and engineering.  However, the iPod project did have its critics.  
One student complained that the iPods “gives the message that coming to lecture or 
paying attention is not important because everything will be online later anyway” and 
“campus officials have already announced that Duke will scale back its iPod giveaway 
next year” (Read, 2005c, p. A28).   
Another set of researchers, Guertin et al. (2007), examined the use of podcasts by 
university students.  At Penn State University, an introductory geoscience professor 
recorded her classroom lectures and made them available to students as podcasts via the 
internet.  The researchers tracked the number of times podcasts were downloaded, 
surveyed students on their familiarity with downloading the lectures, and to what extent 
students felt that the podcasts were beneficial to their education.  At the conclusion of the 
semester, more than fifty percent of the students knew how to access and use the podcasts 
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of the professor’s lectures.  Even so, 100% of the students surveyed believe that the 
podcasts should be available for students to assist in their educational needs. 
Alan J. Cann, a professor at the University of Leicester, England had made audio 
podcasts of lectures and supplemental support materials for over two years.  However, 
the number of students downloading the audio podcasts was low.  Cann (2007) began a 
study to determine if short video summaries of lectures and supplemental information 
would have greater frequency of utilization compared to podcasts.  The video format 
“generated an average 1.75 downloads per student per video, over five times the response 
rate from the same cohort to the audio files [podcasts] provided the previous semester” 
(Cann, 2007, p. 2). 
Today, even secondary and elementary level educational institutions have the 
opportunity and means to tap into the enormous popularity of on-line videos, including 
YouTube, TeacherTube, NASA, Discovery, and the Public Broadcast System (PBS).  
With online videos and podcasts teachers can create free, interactive, self-paced learning 
environments for their students.  Additionally, students can access these resources from 
devices their already possess, including computers, game consoles (i.e. Xbox, Sony 
PlayStation, etc.), and mobile devices such as phones, MP3 players, and video players. 
 
iPad Tablet Research 
At the time of this writing, I have not found published research on the 
effectiveness of the iPad tablet in instruction.  This includes educational studies done at 
the primary, secondary, and post-secondary levels. 
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Chapter 3 – Design 
This study sought to determine if having access to technology, including iPad 
tablets and a teacher’s physical science webpage resources, could help ninth grade high 
school students meet outcomes specified by specific state standards for earth science and 
chemistry (Table 1).  It was hypothesized that access to technology would enable students 
to achieve greater comprehension and become more scientifically literate as compared to 
traditional classroom instruction.   
 
Overview 
The study took place during the second semester of the 2011-2012 academic year 
and lasted for five weeks.  The study included four ninth grade physical science classes 
with approximately twenty-five students each.  All four of these classes were designated 
the treatment group with access to the teacher’s physical science webpage.  These classes 
were then divided into two subgroups – the non-aggressive treatment group (second and 
third period) and the aggressive treatment group (fourth and fifth period).  In addition, the 
students in the treatment group were compared with students from the two prior year 
classes who did not receive any of the technological interventions. 
All students in the 2011-2012 physical science classes had been issued iPad 
tablets.  In addition, the teacher’s physical science webpage had several technological 
resources that were directly and indirectly related to the curriculum objectives.  A 
standard curriculum was used for all three classes being compared, but the current third 
(2011-2012) year included the technological interventions (Table 2).   
 























	   	  
Table 1.  Michigan High School Content Expectations and Michigan 
Curriculum Framework Codes Used in the Earth Science and 








Evaluate the uncertainties or validity of scientific conclusions using an understanding of 
sources of measurement error, the challenges of controlling variables, accuracy of data 
analysis, logic of argument, logic of experimental design and/or the dependence on 
underlying assumptions. 
 
E1.2f Critique solutions or problems, given criteria and scientific constraints. 
 
E5.3e Determine the approximate age of a sample, when given the half-life of a radioactive 
substance along with the ratio of daughter to parent substances present in the sample. 




Describe the various states of matter in terms of the motion and arrangement of the 
molecules (atoms) making up the substance. 
 
C4.2d Given the name, write the formula of ionic and molecular compounds. 
 
C4.3B Recognize that solids have a more ordered, regular arrangement of their particles than 
liquids and that liquids are more ordered than gases. 
 
C4.7b Compare the density of pure water to that of a sugar solution. 
 
C4.8A Identify the location, relative mass, and charge for electrons, protons, and neutrons. 
 
C4.8B Describe the atom as mostly empty space with an extremely small, dense nucleus 
consisting of the protons and neutrons and an electron cloud surrounding the nucleus. 
 
C4.9A Identify elements with similar chemical and physical properties using the periodic table. 
 
C4.9b Identify metals, non-metals, and metalloids using the periodic table. 
 
C4.9c Predict general trends in atomic radius, first ionization energy, and electronegativity of  
the elements using the periodic table. 
 
C4.10A List the number of protons, neutrons, and electrons for any given ion or isotope. 
 
C5.2B Distinguish between chemical and physical changes in terms of the properties of the 
reactants and products. 
 
C5.5A Predict if the bonding between two atoms of different elements will be primarily ionic  
or covalent. 
 
C5.5c Draw Lewis structures for simple compounds. 
 
 
* E is for Earth Science Expectations, C is for Chemistry Expectations 	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Table 2.  Summary of Standard Instruction of Earth Science and Chemistry 
Curriculum. 
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A multifaceted approach was used to assess student knowledge gain over the 
intervention period, which served to triangulate the data more decisively (Mills, 2003, p. 
52).  First, students’ comprehension of the science content was assessed by comparing 
the current year pretest and posttest scores which utilized the same assessment items 
(Appendix A).  Second, students completed a technology survey two days after the 
posttest. Third, assessment data (posttest) from the previous two years was utilized as a 
means of comparison with the current year scores.   
The entire second semester of instruction for physical science followed the 
standard teaching practices used for all three classes being compared.  The instruction 
encompassed Michigan’s High School Content Expectations (HSCE) in earth science and 
chemistry.  The primary expectations covered, during the five weeks of this study, 
included the following: Inquiry, Reflection, and Social Implications (earth science 
standard E1), The Earth in Space and Time (earth science standard E5),  Forms of Energy 
(chemistry standard C2), Properties of Matter (chemistry standard C4),and Changes in 
Matter (chemistry standard C5) (Table 1). 
The approach to the physical science curriculum was multifaceted to ensure that 
all students meet these expectations. Students were encouraged to not only learn the 
course material, but also to question and reflect on the information.  It is apparent that 
many of today’s students simply want to “Google” the correct answers without trying to 
comprehend the information.  To counter this trend, the curriculum focused on bridging 
what students learned in class with what they knew from previous experiences; students 
were encouraged to find deeper connections to what they already knew.   
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Students did not learn the curriculum by being lectured to, but rather experienced 
information through reading, active investigations, and research projects.  Students were 
expected to analyze data, form educated predictions, modify them based on new 
information, identify possible sources of error, and propose changes for future 
investigations. 
The students were also expected to cultivate the basic skills needed to be 
successful in today's modern workplace.  Universities and employers desire the skills 
students learned in physical science, including being active learners who ask thoughtful 
questions, plan and organize their work, and collaborate with their peers.   
 
General procedure for each week.  The lesson plans for the week were 
displayed on the front white board in the classroom (Appendix B).  Each Monday, 
students were required to write down the activities for each day of the week.  The 
activities were color coded to help students become more organized and cultivate time 
management skills – green lettering indicated when something was assigned and red 
indicated when something was due.  Each assignment was printed on different color 
paper, which further assisted students in fostering their own organization skills; students 
also had at least three days to complete assignments.  There were no “pop-quizzes” and 
students knew a week in advance when quizzes and tests would be held. 
Students were assigned reading guides that outlined the science textbook and 
focused on the chapter objectives.  After the reading guides were completed, the 
instructor reviewed the information with the class via PowerPoint presentations.  Class 
discussions, along with question and answer sessions, helped to round out students’ 
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comprehension of the earth science and chemistry objectives.  The five PowerPoint 
presentations were used for all three classes being compared (Appendix B). 
 
General procedure for starting each class period.  A warm up activity was 
displayed on the front board, before the beginning of every class period.  With each 
activity, questions were assigned to help students focus their attention and serve to 
introduce and review pertinent chemistry information.  Students’ responses demonstrated 
their knowledge of chemistry vocabulary terms and periodic table patterns, their ability to 
identify and differentiate between physical and chemical changes, and their 
comprehension of chemical bonding. 
 
General activities for the Earth Science and Chemistry Unit.  The earth 
science and chemistry unit began with an engaging, introductory laboratory activity 
(Table 2).  Students were required to take several measurements and calculate the density 
of fifteen unknown cylindrical objects; each cylinder had a different chemical 
composition.  Students were then given the known names and densities of the fifteen 
objects.  Students had to identify the unknown objects based on the known densities.  In 
the final step, students were required to identify possible sources of error, calculate 
percent error, and propose ways to increase the accuracy of their measurements. 
Students completed and presented an “atomic model project” during the third 
week of instruction (Table 2).  Students could choose to work alone or in a group to 
research information about their selected element, including the discovery and history of 
the element, the physical and chemical properties, and general uses.  For their element, 
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students wrote a summary paper, produced a poster display and created a three-
dimensional model of an atom.  Students were required to critique each other – scoring 
poster displays, atomic models, presentations, and identifying positive attributes and 
areas of improvement for each group (Appendix B). 
Student progress was quantitatively measured via “Mini-Quizzes,” during the 
third and fourth week of instruction (Table 2).  These quizzes (five questions) reflected 
the earth science and chemistry content covered in the reading guides and direct 
instruction (Appendix B). 
Students were occupied with an interactive, diagramming activity using individual 
white boards in the third and fourth weeks of instruction (Table 2).  Students elaborated 
and solidified their comprehension of specific earth science and chemistry objectives 
through this hands-on technique.  Each student was provided with a periodic table, white 
board, different color dry erase board markers, and an eraser.  Students started 
diagramming basic, individual atoms, utilizing the scaffolding technique.  At the end of 
the third week and through the fourth week, the activity evolved into depicting more 
complex chemical bonds between atoms and explaining their interactions. 
The diagramming activity always began by giving students an element’s symbol.  
On their individual white boards, students had to recall the element name and correctly 
identify the mass number, atomic number and discern the number of subatomic particles 
(protons, electrons and neutrons) using the periodic table.  Students then drew a Bohr 
diagram of the atom.  Students were required to place the correct number of protons and 
neutrons inside the nucleus.  Likewise, the correct number of electrons had to be place in 
each energy level. With each successful attempt, students were required to provide more 
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information, including element type (metal, nonmetal, metalloid); if the element would 
lose, gain, or neither gain or lose valence electrons and its new ion name (if applicable); 
and whether it has isotopes.   
The more complex diagramming activities involved combining two or more 
atoms.  Students were required to identify the compound name, chemical formula and 
bond type.  Several examples, demonstrating the progression of difficulty for this 
activity, include: (1) diagramming a lithium atom and showing how it becomes a lithium 
ion; (2) depicting a carbon-14 isotope; and (3) displaying the subatomic particles for 
lithium and oxygen atoms and then describing how they interact to create lithium oxide 
(Appendix B). 
The day before the summative assessment (posttest) in week five, the instructor 
provided sample questions and the solutions.  Class discussion assisted in correcting any 
misconceptions.  The “Jeopardy” review provided a dynamic means of reviewing the 
earth science and chemistry objectives. 
 
Intervention 
The standard curriculum was kept the same in all three classes, but in the current 
year, the following technological resources were incorporated into the instruction: student 
iPad tablets, videos, audio podcasts, and access to the PowerPoint presentations used in 
class through the teacher’s webpage.  These technological additions were intended to 
target the following: 
	  	  25	  
1. Learning of the periodic table, chemical bonding, half-life, and radioactive 
atoms. (Videos, PowerPoint presentations, podcasts and iPad tablet 
periodic table applications or apps) 
2. Student organization and minimizing missing or late assignments (on-line 
lesson plans) 
3. Ability of absent students to access daily curriculum and down-load 
assignments (teacher’s webpage) 
4. Creation of an individualized, self-paced learning environment for 
students through use of videos, PowerPoint presentations, and podcasts 
(teacher’s webpage) 
5. Improvement of communication between teacher and students (email) 
6. Visualizing and recalling information (iPad tablet camera – pictures of 
demonstrations, labs, activities and the Flashcard® app) 
7. Increased capacity for students to work on projects, papers, assignments 
“anytime – anywhere” (iPad tablet apps (Keynote®, Pages®, Periodic 
Table®, and EMD PTE®) and the iPad tablet camera) 
 
The current year was designed for students to fully embrace the Calumet motto 
for learning "any time - anywhere", with individual iPad tablets and the school’s wireless 
network.  Students could access teacher webpages, view current events and work on their 
research papers anywhere within the school.  For longer athletic trips, the high school 
chartered buses with internet access so students could watch instructor videos or email 
teachers with questions, even while traveling.   
	  	  26	  
The teacher’s webpage was designed to permit students and their guardians to 
stay apprised of the current curriculum and what was happening in the science class.  The 
main topics and objectives for each unit were displayed on the teacher's webpage.  The 
tentative lesson plans for the month could be easily accessed from the webpage.  With 
this information, students should never have been surprised to learn when an assignment 
was due or a test was scheduled.   
All of the assignments for the earth science and chemistry curriculum were 
uploaded and displayed on the teacher's webpage.  Even when students were sick or out 
of town, they were provided the opportunity to download the assignments directly to their 
iPad tablet or home computer.  Through the webpage, students could also access the 
chapter review and practice problems to reinforce the main concepts of the unit. 
The instructor placed links to interactive webpages reviewing the periodic table, 
half-life, and radioactive atoms.  In previous years, students have had difficulty 
comprehending these topics. The instructor identified several interactive webpages and 
encouraged students to visit these sites. The websites allowed students to manipulate 
variables, reflect on changes, and experience the information in a more visual fashion. 
Another intervention was designed to allow students access to technological 
resources including eight videos, five PowerPoint presentations, and two podcasts 
through the teacher’s webpage (Appendix B).  The videos and audio podcasts were novel 
strategies used only during the current year.  The five PowerPoint presentations were part 
of the standard curriculum and were used during the previous two years.  However, one 
of the main tenets of the study is that these resources were accessible online to students at 
any time during the study.   
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The eight videos were selected to enhance student comprehension of the earth 
science and chemistry objectives.  Students who used the videos were able to review key 
concepts, correct any misconceptions, and reach a deeper comprehension of the 
curriculum at their own pace.  The videos were arranged in the order that they should be 
viewed using the scaffolding technique.  The first videos introduced and enforced basic 
ideas, while later videos focused on more complex concepts such as chemical bonding.  
A majority of the videos posted on the teacher’s webpage were created by Educator®.  
This company employs experienced professors who walk students through each concept 
step by step.  (The technology for creating teacher videos was not available at Calumet 
High School during the time period of the research study).  
In previous years, the instructor went over the five PowerPoint presentations in 
class only once.  During the intervention period, after the teacher reviewed the 
PowerPoint presentations in class, students could retrieve this information at any time.  
Two different audio podcasts were linked on the teacher’s webpage that gave overviews 
of physical and chemical changes. 
The school district down-loaded many iPad tablet applications (apps), which 
allowed students to use this mobile computer in many new ways.  Students were able to 
access information from the internet in real-time.   They could look up current events, 
research science topics, and access teacher webpages.   
The iPad tablet’s camera allowed students to take pictures during lab 
investigations, demonstrations, and especially the white board diagramming activity.  
Later, students used these images when reviewing for the posttest. 
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Students used the Flashcard application (app) when learning the periodic table.  
Students were required to create 28 flashcards, either using index cards or their iPad 
tablet Flashcard app; most students chose the app alternative.  Students needed to know 
the elements' names, symbols, and element type (metal, nonmetal, or metalloid).  On 
three different occasions, students were assessed on their recall of this information 
(Appendix B). 
During the atomic model project students used Keynote (similar to PowerPoint) to 
create their class presentations.  The Pages app, a word processor similar to Word®, was 
used to type the summary paper on their particular element. 
Two free periodic table apps (Periodic Table® and EMD PTE®) allowed students 
to experience a substantial amount of information for each element.  The apps allowed 
students to quickly identify the phase of matter, group, period, orbitals, Bohr diagram, 
real life pictures and even an abbreviated history for each element on the periodic table.  
Students used these apps for the atomic model project, creating their element flashcards, 
and learning about chemical bonding. 
Part of the intervention process included increasing communication with students.  
Since every student had an iPad tablet and email access, the instructor was able to 
communicate vital information with each individual student at any point in the day.  
There were nine emails sent to students during the intervention period. The instructor 
kept students informed with regular communications pertaining to the curriculum, 
resources on the webpage, when assignments were due, and when quizzes and tests 
would be held (Appendix C).  Even when the teacher forgot to cover details of a specific 
objective in class, this problem was easily corrected through electronic correspondence. 
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Having the ability to directly correspond with each student greatly increased the 
capacity for two-way communication.  Students could ask the instructor questions about a 
particular chemistry problem or to clarify instructions for an assignment.  This mode of 
communication was particularly effective for students who were not comfortable asking 
questions in class. 
Two treatment subgroups (non-aggressive and aggressive) were established to 
compare the effects of teacher communications and the subsequent use of technological 
resources on the teacher’s webpage.  Six times during the earth science and chemistry 
unit, the teacher notified or reminded both subgroups when technology resources were 
available on the teacher’s webpage.  This was done at the start of class and the 
information was projected on the front board.   
The aggressive treatment group (fourth and fifth periods) differed in that they 
were given time in class to identify the technological resources.  On two separate 
occasions, the aggressive treatment group was required to use their iPad tablets to access 
the teacher’s webpage during class.  The teacher directed students to the webpage and 
then to identify the technology resources that were available.  The teacher circulated 
around the classroom to ensure that students were able to get to the correct webpage and 
locate the interventions.  Students were told the number of interventions and the order 
that they should be accessed by the end of that particular week of the study.  The premise 
was that if students went to the teacher’s webpage and observed the resources, students 
would use them more frequently.  A communication log was kept (Appendix C). 
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School 
Calumet-Laurium-Keweenaw (CLK) School District is a rural school.  It is in the 
most northern school district in Michigan's Upper Peninsula.  There are approximately 
1,500 students in the CLK School District with 67% receiving free and reduced lunch.  
The high school has thirty full-time teachers; fifteen have their bachelor’s degree and 
fifteen have their master’s degree.  Based on the Annual Education Report for the 
academic year 2011-2012, the high school has a graduation rate of over 95% (Public 
Schools of Calumet, 2012, p. 10), which includes the sub-groups males, females, and 
economically disadvantaged.  The high school also has an overall attendance rate of 
95.9% (Public Schools of Calumet, 2012, p. 11). 
 
Subjects 
Current Class.  There were 108 total ninth grade students. Twelve ninth grade 
students opted not to take physical science and instead took biology.  The remaining 
ninth grade students in the 2011-2012 academic year were assigned to a physical science 
class and were the subjects.  This was the first instance in which these students were 
exposed to a traditional chemistry curriculum.  These 96 students were divided into four 
classes and followed the same daily schedule of 55 minute class periods.  In addition, 
there were three physical science students who were sophomores and were repeating the 
class.  These sophomores opted out of the research study.  In total, there were 99 physical 
science students in 2011-2012. 
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This ninth grade class was fairly typical of all students in the high school with 
respect to sex (46% males and 54% females), race (3% non-white), special needs (9%), 
and economically disadvantaged status (52.3%) (Table 3). 
 
Prior Year classes.  The ninth grade classes from the prior two academic years 
served as a control for this study.  The 2010-2011 physical science class (Table 4) was 
the largest with 121 students, 44% males and 56% females, 0% non-white, 8% special 
needs, and a majority 54.5% with an economically disadvantaged status.  Of the 121 
students, 86 took physical science while the other 35 students took biology their ninth 
grade year. 
The 2009-2010 physical science class (Table 4) had 96 students total with 51% 
males and 49% females, 1% non-white, 13% special needs, and many more students 
59.4% with an economically disadvantaged status.  Of the 96 students, 67 took physical 
science while the other 27 students took biology their ninth grade year.  In addition, there 




Current Ninth Grade 
2011-2012 (%) 
Grades 10,11,12  
2011-2012 (%) 
Male 46.3 48.4 
Female 53.7 51.6 
Economically Disadvantaged** 52.3 48.6 
Non-white 2.8 1.5 
Special Education 9.3 7.0 
* Raw data to create this table is located in Appendix D 
** Economically Disadvantaged Students identified through free and reduced lunch program. 
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were two physical science students who were sophomores and were repeating the class 












The research study was conducted over five weeks from February 28 to March 30 
during the third marking period of the 2011-2012 academic school year, plus the two 
prior 2009-2010 and 2010-2011 academic years.  The instruction strategies and pacing 
were consistent with those of the previous two years.  The researcher served as the 
instructor and has been the only physical science teacher for the past five years. 
This was the instructor’s ninth year teaching physical science; having previously 
taught six years of biology, three years of chemistry, two years of physics, one year of 
natural resources and one year of advanced placement chemistry.  The instructor has 
always been interested in finding ways to implement technology in the classroom and has 
been on the Calumet Technology Committee for a year and a half. 












































































Deviation 12.5 3.7 3.7 1.5 2.7 3.6 
* Economically Disadvantage Students identified through free and reduced lunch program. 	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Variables 
Formal instruction of earth science and chemistry objectives through direct and 
indirect classroom instruction was the independent variable.  Direct instruction included 
class discussions, presentations, demonstrations, and laboratory experimentation.  
Indirect instruction included the technological resources provided through the teacher 
website including PowerPoint presentations, videos, and podcasts.   The dependent 
variable was the students' overall gain in comprehension and their scientific literacy of 
Michigan’s earth science and chemistry standards.  Student comprehension of the content 
identified by the state standards was assessed using teacher-made tests (pretest and 
posttest).  There were four means of comparison including the current class pretest 
compared with posttest scores, the current class posttest scores compared with the two 
prior classes’ (2010-2011 and 2009-2010) posttest scores, the current class subgroups 
(non-aggressive treatment group compared with aggressive treatment group), and the 
current class technology survey results. 
 
Procedures 
Informed consent. Three weeks prior to instruction, students were informed 
about participating in the teacher's research study.  All student participants and their 
guardians were given informed consent letters that stated the ethical and legal issues with 
the study (Appendix E).  The letter discussed overall goals of the study and the fact that 
the research protocol was approved by the Michigan Technological Institutional Review 
Board. 
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Students were assigned an identification number for confidentiality once consent 
letters were signed and returned. All personal student information collected for the study 
was destroyed once the research was complete.   
Students, who did not consent, or whose parents or guardians did not consent 
(five total – two ninth grade and three tenth grade students), or students who did not 
return the consent forms (nine) were excluded from data collection for the research study.  
These students were still able to access the technological resources (PowerPoint 
presentations, videos, and podcasts). 
The school administration and Technology Committee were informed of the study 
and were very supportive of this endeavor.  Everyone expressed great interest in learning 
the results of this action research study. 
 
Pretest and Posttest.  All students in the current class took a written pretest 
(Appendix A) prior to the earth science and chemistry curriculum to determine their 
comprehension of the unit objectives before formal instruction.  After the completion of 
the earth science and chemistry unit, approximately five weeks, these same students took 
the same test, as a posttest, to determine their comprehension of the earth science and 
chemistry objectives.  The posttest was also used in the two previous years as the 
assessment for the end of the earth science and chemistry unit.  The assessment data was 
entered by class period on an Excel® worksheet. 
The pretest and posttest included 47 questions that were created by the instructor 
to align with Michigan's Grade Level Content Expectations (GLCE) in earth science and 
chemistry (Table 5).  Test items were written to measure five of six of Bloom’s cognitive 
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levels – knowledge, comprehension, application, analysis, and synthesis (Table 6).  The 
majority of assessment items encompassed two of Bloom’s Cognitive Levels Knowledge 
(38.3%) and Comprehension (27.7%).  A bulk of the pretest and posttest questions 
centered on Michigan’s High School Content Expectations covering Properties of Matter 
(63.8%) and Changes in Matter (23.4%) (Table 6). 
 
Test Accommodations.  Special education students received accommodations 
according to their Individual Education Program (IEP).  Depending on the student, these 
accommodations involved administering the assessments orally, extended time for 
assessment completion, alternative testing environment, use of a calculator, and rewriting 
the assessment items to reduce the possible answers from four to three.  
Students who were absent completed the activities and assignments the day they 
returned to school.  Typically, there was up to one or two students absent per class period 
each day.   
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Table 5.  Michigan High School Content Expectations and the Designated 
Framework Code Used in the Study.
 
HSCE Code* Michigan High School Content Expectations (HSCE) 
1 
 
C2.2B Describe the various states of matter in terms of the motion and 
arrangement of the molecules (atoms) making up the substance. 
 





C4.3B Recognize that solids have a more ordered, regular arrangement of their 














C4.8B Describe the atom as mostly empty space with an extremely small, dense 





C4.9A Identify elements with similar chemical and physical properties using the 
periodic table. 
 
8 C4.9b Identify metals, non-metals, and metalloids using the periodic table. 
 
9 C4.9c Predict general trends in atomic radius, first ionization energy, and 
electronegativity of the elements using the periodic table. 
 
10 C4.10A List the number of protons, neutrons, and electrons for any given ion or 
isotope. 
 
11 C5.2B Distinguish between chemical and physical changes in terms of the 
properties of the reactants and products. 
 
12 C5.5A Predict if the bonding between two atoms of different elements will be 
primarily ionic or covalent 
 
13 C5.5c Draw Lewis structures for simple compounds. 
  
14 E5.3e Determine the approximate age of a sample, when given the half-life of a 
radioactive substance along with the ratio of daughter to parent substances 
present in the sample. 
 
15 E5.3f Explain why C-14 can be used to date a 40,000 year old tree, but not U-Pb 
cannot. 
 
16 E1.1B Evaluate the uncertainties or validity of scientific conclusions using an 
understanding of sources of measurement error, the challenges of controlling 
variables, accuracy of data analysis, logic of argument, logic of experimental 
design and/or the dependence on underlying assumptions. 
 
17 E1.2f Critique solutions or problems, given criteria and scientific constraints. 
 
* HSCE Code used in Table 6 	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Technology Survey.  Twenty-four questions were selected for the technology 
survey, with input from the high school principal and the school Technology Committee.  
The survey, given at the end of the earth science and chemistry unit, served to quantify 
several pieces of information, including: (1) students who had computer and internet 
access at home; (2) the number times students accessed the eight videos, five PowerPoint 
presentations, and two podcasts through the teacher’s webpage; and (3) student 
perception on the usefulness of the technological resources, teacher communications (i.e. 
emails), on-line lesson plans, and the curriculum on their future careers. 
The teacher distributed an individual progress report to each student, which 
included their marking period grade, absences, and posttest grade.  Students self-reported 
their information on the technology survey.  Students used the iPad tablets to complete 
the survey.   
The teacher provided two internet links to the two surveys, which posed the same 
questions.  One survey was completed by eighty-one students participating in the study 
and the other was completed by fourteen students who opted out of the study or did not 
return their consent forms.  Four students in the study refused to take the survey.  
Students took the survey at the beginning of their respective class periods, two days after 
the posttest.  Any student that was absent completed the survey the following day. 
This survey was created in a quiz format using SurveyMonkey®.  Most questions 
followed the four levels of agreement scale, including agree, somewhat agree, somewhat 
disagree, and disagree.  Survey items rated student responses quantitatively through the 
Likert scale.  Thirteen questions also provided an opportunity for open-ended responses 
from students (Appendix F).   
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Data Analysis 
The differences between pretest compared with the posttest scores were used to 
ascertain if and where current year students made progress in learning the objectives.  
Assessments were scored by the next day of class.  The results were tabulated to show: 
(1) each student’s score on each assessment item and overall score, (2) the class average 
per item, and (3) overall gain between the pretest and posttest for all the classes 
(Appendix D and Tables 7-10). 
 
Current-Year Pretest and Posttest Analysis.  The average gains in 
comprehension were determined by the difference in percentage of the pretest compared 
with the posttest assessment items.  The following example illustrates the formula 






The effectiveness of instruction for meeting the earth science and chemistry 
standards for the entire classes was measured by utilizing effect size (Bracey, 2000).  The 
difference in average scores (posttest - pretest) was divided by the standard deviation of 
the pretest. The physical science pretest scores were identified as the control group and 
the posttest scores were considered the experimental group (Bracey, 2000).   
 
Average Gain = class posttest - class pretest 
Average Gain = 14.70 – 8.67 
Average Gain = 6.03 (30.1%) 
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The effect size “focuses on the meaning of the results and enables comparison 
between or among studies which further enables researchers to judge the practical 
significance of quantitative research results” (Kotrik et al., 2011, p.132).  An effect size 
of +1.0 would signify one standard deviation of movement on a typical bell shaped curve 
(Bracey, 2000).  The importance of pretest compared with posttest changes in effect size 
are as follows: an effect size greater than 0.30 would be considered practically important 
and 0.20-0.30 would be moderately important (Bracey, 2000).  With respect to the pretest 
and posttest, the greater the magnitude of effect size indicates a greater effect the 
technological interventions had on increasing student scores. 
Gains and effect size were calculated for test items #1 through #43.  The average 
effect size for each for test items #1 through #43 for the current year classes was 
calculated.   
Assessment items #44 through #47 were open-response test questions.  The 
knowledge gains were not analyzed since a range of scores were given depending on 
student answers. 
Effect  Size   =   X!  !"#$$  !"#$$%#$ −   X!!"#$$  !"#$#%$SD  !"#$$  !"#$#%$ 	  	  Effect  Size   =   73.5%  −   43.4%0.45   =       0.735  −   0.4340.45 	  	  Effect  Size   =   0.67	  
	  	  41	  
 
Current Year Compared with Two Prior Years Analysis.  The current year 
pretest and posttest contained 43 multiple choice questions and four short answer 
questions.  Items #41, #42, #43 were added during the current year assessment and were 
not on prior year assessments.  These three assessment items were only used for the 
current year pretest and posttest comparisons.  The scores for these three questions were 
removed when comparing the current year posttest scores with the prior year results.   
The effect size was found by comparing the current year students’ average 
posttest score with previous class average posttest score and then dividing by the average 
pooled variance from each year (Bracey, 2000).  A pooled variance was used due to the 
standard deviation differences between the current year and prior year posttest scores.  
Table 17 shows the effect size results for this comparison.  The following equation 
demonstrates the effect size for the current class compared to the prior 2010-2011 class 







An effect size was also calculated using the current year and two prior year 
science MEAP proficiency scores to establish academic similarity between the three 
classes being compared.  The difference in average science MEAP proficiency scores 
Effect  Size   =    X!!"##$%&  !"#$$  !"#$$%#$ − X!  !"#$%&'(  !"#$$  !"#$$%#!Sqrt  (  (  SD^2!"##$%&  !"#$$  !"#$$%#$+      SD^2!"#$%&'(  !"#$$  !"#$$%#$    )  /    2)  ⬚      Effect  Size  =              0.721  –  0.661              Square  root  (  (7.9^2)  +  3.1^2)  /  2)    Effect  Size  =  0.35  
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(current year minus prior) was divided by the average pooled variance to calculate the 
effect size. 
Student’s t statistic was used to test the hypothesis of no difference between the 
mean posttest scores of the current year class and the two prior year classes and mean 
science MEAP proficiencies.  The t-test establishes whether the mean scores of two 
classes are statistically different from each other.  My null hypothesis (H0) was that no 
change would occur with the technology interventions and my alternative hypothesis (H1) 
was that a positive change would occur.  A two-sample, unequal variance t-test, with a 
single-tailed distribution, and a 0.05 significance level was used for two of the tests.  The 
two prior year class comparison used an equal variance t-test with a single-tailed 
distribution, and a 0.05 significance level. An Excel® spreadsheet was used to establish 
the t-test.  The setup for the Excel® function is shown below: 
T.TEST(array 1, array 2, tails, type) 
 
Subgroups.  The posttest scores for the two subgroups (non-aggressive and 
aggressive) were recorded and compared with each other.  The number of times each 
subgroup accessed the technological interventions was also compared.  Students in these 
subgroups were asked to qualify their perception of how helpful the teacher 
communications were and the results were recorded. 
 
Technology Survey Analysis.  The post-instruction technology survey was 
administered two days after the posttest.  The survey assessed many aspects of the 
intervention, including: teacher communications, videos, PowerPoint presentations, and 
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audio podcasts.  The results of the questions were recorded and summarized 
(quantitatively and qualitatively). 
Ten survey questions asked students to qualify their response with one of the 
following answers: agree, somewhat agree, somewhat disagree, disagree.  The totals for 
these questions were summarized and the percent of the total calculated.  
There were 13 questions that allowed students to type free response comments.  
The number of students responding, the number of those not responding, and their 
comments were recorded.  The comments were categorized into four groups: (1) positive, 
(2) negative, (3) neutral, (4) not able to interpret, and (5) no response. 
Questions 3 and 4 on the technology survey asked students to self-report their 
grades.  These grades were categorized into a standard 4.0 grade point average (GPA).  
The posttest grades were quantified in following format: an A is equal to 4.0, a B is equal 
to 3.0, a C is equal to 2.0, a D is equal to 1.0, and an E is equal to 0.0.   
The following four groups (A, B, C, and D) of comparisons were made using the 
data from the technological survey: 
A. Survey responses compared with comprehension results on the posttest: 
1. Current student internet access compared with student posttest scores. 
2. Current students in treatment subgroups (non-aggressive and aggressive) 
compared with student posttest scores. 
 
3. Current student usage of videos compared with student posttest scores. 
 
4. Current Student Usage of PowerPoint presentations compared with student 
posttest scores. 
 
5. Current Student Usage of audio podcasts compared with student posttest scores. 
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B. Subgroup assignment compared with response form the survey: 
1. Current students in treatment subgroups (non-aggressive and aggressive) 
compared with student perception that teacher communications were helpful. 
 
2. Technology interventions usage compared with subgroup assignment. 
 
 
C. Survey response on usage compared with perception of helpfulness: 
 
1. Current student usage of videos compared with student perception that videos 
were helpful. 
 
2. Current student usage of PowerPoint presentations compared with student 
perception that PowerPoint presentations were helpful. 
 
3. Current student usage of audio podcasts compared with student perception that 
audio podcasts were helpful. 
 
D. Survey response on helpfulness compared to curriculum goals: 
1. Current student perception that technological interventions were helpful in 
strengthening student comprehension of the curriculum. 
 
2. Current student perception that technological interventions were helpful in 
clarifying misconceptions in the science curriculum. 
 
3. Current student perception that technological interventions were helpful in 
demonstrating science is an active process with many goals and differing paths. 
 
4. Current student perception that the teacher’s science class may be helpful in 




Webpage Analytics.  The software program Google Analytics® was utilized to 
quantify the number of times the teacher’s webpage was accessed during the last 18 days 
(March 12 – March 30) of the research study.  The software program was also able to 
calculate the average time spent on the webpage for all the internet users during the 
specific time frame.  Google Analytics® summarized the origins of the internet users 
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accessing the teacher’s webpage by city (in the United States) and the country (if not 
from the United States).  All the information was recorded and is displayed in Appendix 
G.  
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Chapter 4 - Results 
Results for student comprehension will be reported first.  Two types of 
comprehension were looked at during this study.  The first gain in comprehension 
between the current year pretest and posttest were measured and compared.  Second, the 
differences in average comprehension (posttest) between the current year and the two 
prior years were measured and compared. 
The results from the technology survey from the current students will be reported 
second.  These results include: (1) survey responses compared with results on the posttest 
(comprehension), (2) treatment subgroups (non-aggressive and aggressive) assignment 
compared with responses from the survey, (3) survey responses on usage of technological 
interventions (video, PowerPoint presentations, and audio podcasts) compared with 
student perception of helpfulness, and (4) survey response on helpfulness of the 
interventions compared to the curriculum goals. 
 
Comprehension Gains (Current Year) 
The physical science students were assessed on their comprehension of the earth 
science and chemistry standards.  A pretest was completed prior to beginning formal 
instruction.  A posttest was completed after five weeks of instruction.  The pretest and 
posttest utilized the same assessment items to simplify comparison of the results.  The 
assessment included 47 items that were created by the instructor to align with Michigan's 
Grade Level Content Expectations in earth science and chemistry. 
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The data resulting from these assessments included: (1) each student’s overall 
score, (2) student scores on each assessment item, and (3) calculations for overall gain 
and effect size on assessments for each class.   
 
Pretest-Posttest Results for Individual Classes.  Second period test scores 
increased by an average of 6.0 points (30.1%), from 8.7 points (43.4%) on the pretest to 
14.7 points (73.5%) on the posttest.  There were no negative gains in comprehension in 
this class (Table 7). 
Third period test scores increased by an average of 7.3 points (31.9%), from 9.4 
points (40.8%) on the pretest to 16.7 points (72.7%) on the posttest. There were no 
negative gains in comprehension in this class (Table 8). 
Fourth period test scores increased by an average of 6.8 points (35.4%), from 6.8 
points (36.0%) on the pretest to 13.6 points (71.4%) on the posttest.  Negative gains in 
comprehension occurred on item 5 (Table 9). 
Fifth period test scores increased by an average of 7.5 points (32.3%), from 9.7 
points (42.4%) on the pretest to 17.2 points (74.7%) on the posttest. Negative gains in 
comprehension occurred on items 12, 33, and 43 (Table 10). 
 
Pretest-Posttest Composite Results and Effect Size.  The mean raw score 
gain was calculated for test items #1 through #43 (Table 11).  The overall posttest scores 
improved by an average of 6.9 points (32.4%). 
The mean effect size was calculated for test items #1 through #43 (Table 12). The 
mean effect size was 0.78 with a standard deviation of 0.3 for the current year.  All 
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assessment items had an effect size greater than 0.3, with the exception for items #32 
(0.21), #42 (0.11), and #43 (0.10).   	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  Table 7.  Second Period Pretest, Posttest Scores by Item, Gain, and 
Effect Size.* 
        
  Pretest  Posttest  
Item # N #Correct % SD   #Correct % SD Gain % Gain ES** 
1 20 12 60 0.5  18 90 0.3 6 30.0 0.61 
2 20 9 45 0.5  11 55 0.5 2 10.0 0.20 
3 20 5 25 0.4  15 75 0.4 10 50.0 1.15 
4 20 14 70 0.5  20 100 0.0 6 30.0 0.65 
5 20 3 15 0.4  10 50 0.5 7 35.0 0.98 
6 20 5 25 0.4  11 55 0.5 6 30.0 0.69 
7 20 13 65 0.5  17 85 0.4 4 20.0 0.42 
8 20 13 65 0.5  17 85 0.4 4 20.0 0.42 
9 20 9 45 0.5  15 75 0.4 6 30.0 0.60 
10 20 9 45 0.5  16 80 0.4 7 35.0 0.70 
11 20 11 55 0.5  13 65 0.5 2 10.0 0.20 
12 20 6 30 0.5  10 50 0.5 4 20.0 0.44 
13 20 11 55 0.5  16 80 0.4 5 25.0 0.50 
14 20 4 20 0.4  14 70 0.5 10 50.0 1.25 
15 20 7 35 0.5  16 80 0.4 9 45.0 0.94 
16 20 5 25 0.4  14 70 0.5 9 45.0 1.04 
17 20 7 35 0.5  12 60 0.5 5 25.0 0.52 
18 20 6 30 0.5  13 65 0.5 7 35.0 0.76 
19 20 2 10 0.3  11 55 0.5 9 45.0 1.50 
20 20 15 75 0.4  18 90 0.3 3 15.0 0.35 
21 20 7 35 0.5  15 75 0.4 8 40.0 0.84 
22 20 12 60 0.5  18 90 0.3 6 30.0 0.62 
23 20 8 40 0.5  19 95 0.2 11 55.0 1.12 
24 20 4 20 0.4  13 65 0.5 9 45.0 1.13 
25 20 13 65 0.5  17 85 0.4 4 20.0 0.42 
26 20 15 75 0.4  19 95 0.2 4 20.0 0.46 
27 20 2 10 0.3  17 85 0.4 15 75.0 2.50 
28 20 8 40 0.5  18 90 0.3 10 50.0 1.02 
29 20 5 25 0.4  13 65 0.5 8 40.0 0.92 
30 20 8 40 0.5  17 85 0.4 9 45.0 0.92 
31 20 7 35 0.5  15 75 0.4 8 40.0 0.84 
32 20 15 75 0.4  18 90 0.3 3 15.0 0.35 
33 20 7 35 0.5  10 50 0.5 3 15.0 0.31 
34 20 11 55 0.5  17 85 0.4 6 30.0 0.60 
35 20 13 65 0.5  19 95 0.2 6 30.0 0.63 
36 20 15 75 0.4  17 85 0.4 2 10.0 0.23 
37 20 5 25 0.4  12 60 0.5 7 35.0 0.81 
38 20 5 25 0.4  6 30 0.5 1 5.0 0.12 
39 20 8 40 0.5  19 95 0.2 11 55.0 1.12 
40 20 4 20 0.4  4 20 0.4 0 0.0 0.00 
41 20 7 35 0.5  12 60 0.5 5 25.0 0.52 
42 20 10 50 0.5  11 55 0.5 1 5.0 0.10 
43 20 18 90 0.3  19 95 0.2 1 5.0 0.17 
Mean     8.7  43.4% 0.4       14.7 73.5%  0.4     6.0  30.1% 0.67 
SD   4.0  20.0         3.6  18.1      3.2  16.2 0.4 
* Raw data is located in Appendix D 	   	   	   	   	  
** Effect Size 	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  Table 8. Third Period Pretest, Posttest Scores by Item, Gain, and Effect Size.*   	   	   	   	   	   	   	   	   	   	  
  Pretest  Posttest    
Item# N #Correct % SD   #Correct % SD Gain % Gain ES** 
1 23 13 56.5 0.5  19 82.6 0.4 6 26.1 0.53 
2 23 10 43.5 0.5  14 60.9 0.5 4 17.4 0.35 
3 23 15 65.2 0.5  21 91.3 0.3 6 26.1 0.55 
4 23 18 78.3 0.4  22 95.7 0.2 4 17.4 0.42 
5 23 11 47.8 0.5  11 47.8 0.5 0 0.0 0.00 
6 23 9 39.1 0.5  14 60.9 0.5 5 21.7 0.45 
7 23 16 69.6 0.5  21 91.3 0.3 5 21.7 0.47 
8 23 11 47.8 0.5  19 82.6 0.4 8 34.8 0.70 
9 23 10 43.5 0.5  17 73.9 0.4 7 30.4 0.61 
10 23 13 56.5 0.5  21 91.3 0.3 8 34.8 0.70 
11 23 15 65.2 0.5  19 82.6 0.4 4 17.4 0.37 
12 23 2 8.7 0.3  7 30.4 0.5 5 21.7 0.77 
13 23 15 65.2 0.5  19 82.6 0.4 4 17.4 0.37 
14 23 1 4.3 0.2  16 69.6 0.5 15 65.2 3.20 
15 23 6 26.1 0.4  17 73.9 0.4 11 47.8 1.09 
16 23 3 13.0 0.3  14 60.9 0.5 11 47.8 1.42 
17 23 7 30.4 0.5  8 34.8 0.5 1 4.3 0.09 
18 23 11 47.8 0.5  15 65.2 0.5 4 17.4 0.35 
19 23 5 21.7 0.4  13 56.5 0.5 8 34.8 0.84 
20 23 16 69.6 0.5  20 87.0 0.3 4 17.4 0.38 
21 23 7 30.4 0.5  14 60.9 0.5 7 30.4 0.66 
22 23 12 52.2 0.5  15 65.2 0.5 3 13.0 0.26 
23 23 6 26.1 0.4  18 78.3 0.4 12 52.2 1.19 
24 23 5 21.7 0.4  18 78.3 0.4 13 56.5 1.37 
25 23 13 56.5 0.5  19 82.6 0.4 6 26.1 0.53 
26 23 9 39.1 0.5  22 95.7 0.2 13 56.5 1.16 
27 23 5 21.7 0.4  22 95.7 0.2 17 73.9 1.79 
28 23 5 21.7 0.4  20 87.0 0.3 15 65.2 1.58 
29 23 6 26.1 0.4  15 65.2 0.5 9 39.1 0.89 
30 23 9 39.1 0.5  17 73.9 0.4 8 34.8 0.71 
31 23 4 17.4 0.4  13 56.5 0.5 9 39.1 1.03 
32 23 14 60.9 0.5  16 69.6 0.5 2 8.7 0.18 
33 23 9 39.1 0.5  16 69.6 0.5 7 30.4 0.62 
34 23 9 39.1 0.5  17 73.9 0.4 8 34.8 0.71 
35 23 8 34.8 0.5  19 82.6 0.4 11 47.8 1.00 
36 23 16 69.6 0.5  19 82.6 0.4 3 13.0 0.28 
37 23 3 13.0 0.3  17 73.9 0.4 14 60.9 1.81 
38 23 2 8.7 0.3  10 43.5 0.5 8 34.8 1.23 
39 23 12 52.2 0.5  22 95.7 0.2 10 43.5 0.87 
40 23 4 17.4 0.4  11 47.8 0.5 7 30.4 0.80 
41 23 6 26.1 0.4  16 69.6 0.5 10 43.5 0.99 
42 23 14 60.9 0.5  15 65.2 0.5 1 4.3 0.09 
43 23 19 82.6 0.4  21 91.3 0.3 2 8.7 0.23 
Mean 9.4 40.8% 0.4  16.7 72.7% 0.4 7.3 31.9% 0.78 
SD 4.7 20.5     3.7 16.2  4.1 17.8 0.6 
* Effect Size           
** Raw data is located in Appendix D        
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  Table 9.  Fourth Period Pretest, Posttest Scores by Item, Gain, and Effect 
Size.* 
         
  Pretest  Posttest   
Item # N #Correct % SD   #Correct % SD Gain %Gain ES** 
1 19 11 57.9 0.5  18 94.7 0.3 7 36.8 0.75 
2 19 8 42.1 0.5  14 73.7 0.4 6 31.6 0.64 
3 19 10 52.6 0.5  13 68.4 0.5 3 15.8 0.32 
4 19 12 63.2 0.5  19 100.0 0.2 7 36.8 0.76 
5 19 8 42.1 0.5  6 31.6 0.5 -2 -10.5 -0.21 
6 19 4 21.1 0.4  7 36.8 0.5 3 15.8 0.39 
7 19 12 63.2 0.5  18 94.7 0.3 6 31.6 0.65 
8 19 11 57.9 0.5  18 94.7 0.3 7 36.8 0.75 
9 19 8 42.1 0.5  15 78.9 0.4 7 36.8 0.75 
10 19 7 36.8 0.5  16 84.2 0.4 9 47.4 0.98 
11 19 7 36.8 0.5  19 100.0 0.2 12 63.2 1.31 
12 19 3 15.8 0.4  7 36.8 0.5 4 21.1 0.58 
13 19 4 21.1 0.4  14 73.7 0.4 10 52.6 1.29 
14 19 2 10.5 0.3  16 84.2 0.4 14 73.7 2.40 
15 19 7 36.8 0.5  12 63.2 0.5 5 26.3 0.55 
16 19 6 31.6 0.5  11 57.9 0.5 5 26.3 0.57 
17 19 8 42.1 0.5  9 47.4 0.5 1 5.3 0.11 
18 19 7 36.8 0.5  11 57.9 0.5 4 21.1 0.44 
19 19 3 15.8 0.4  12 63.2 0.5 9 47.4 1.30 
20 19 10 52.6 0.5  17 89.5 0.4 7 36.8 0.74 
21 19 6 31.6 0.5  10 52.6 0.5 4 21.1 0.45 
22 19 7 36.8 0.5  13 68.4 0.5 6 31.6 0.65 
23 19 5 26.3 0.4  17 89.5 0.4 12 63.2 1.43 
24 19 8 42.1 0.5  15 78.9 0.4 7 36.8 0.75 
25 19 7 36.8 0.5  12 63.2 0.5 5 26.3 0.55 
26 19 9 47.4 0.5  18 94.7 0.3 9 47.4 0.95 
27 19 2 10.5 0.3  20 105.3 0.0 18 94.7 3.09 
28 19 4 21.1 0.4  16 84.2 0.4 12 63.2 1.55 
29 19 4 21.1 0.4  15 78.9 0.4 11 57.9 1.42 
30 19 7 36.8 0.5  13 68.4 0.5 6 31.6 0.65 
31 19 0 0.0 0.0  10 52.6 0.5 10 52.6 1.03*** 
32 19 11 57.9 0.5  14 73.7 0.5 3 15.8 0.32 
33 19 4 21.1 0.4  11 57.9 0.5 7 36.8 0.90 
34 19 9 47.4 0.5  13 68.4 0.5 4 21.1 0.42 
35 19 7 36.8 0.5  16 84.2 0.4 9 47.4 0.98 
36 19 11 57.9 0.5  16 84.2 0.4 5 26.3 0.53 
37 19 5 26.3 0.4  14 73.7 0.4 9 47.4 1.08 
38 19 6 31.6 0.5  10 52.6 0.5 4 21.1 0.45 
39 19 5 26.3 0.4  18 94.7 0.3 13 68.4 1.55 
40 19 2 10.5 0.3  9 47.4 0.5 7 36.8 1.20 
41 19 8 42.1 0.5  8 42.1 0.5 0 0.0 0.00 
42 19 5 26.3 0.4  7 36.8 0.5 2 10.5 0.24 
43 19 14 73.7 0.4  16 84.2 0.4 2 10.5 0.24 
Mean 6.8 36.0% 0.4  13.6 71.4% 0.4 6.7 35.4%  0.80 
SD 3.1  16.3     3.7   19.5  3.9   20.6  0.6 
* Raw data is located in Appendix D     
** Effect Size         
*** Calculated using posttest standard deviation since the pretest standard deviation was zero 
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Table 10. Fifth Period Pretest, Posttest Scores by Item, Gain, and Effect 
Size.* 
        
  Pretest  Posttest 
Item # N #Correct % SD  #Correct % SD Gain % Gain ES** 
1 23 17 73.9 0.4  20 87.0 0.3 3 13.0 0.30 
2 23 5 21.7 0.4  17 73.9 0.4 12 52.2 1.26 
3 23 11 47.8 0.5  19 82.6 0.4 8 34.8 0.70 
4 23 14 60.9 0.5  19 82.6 0.4 5 21.7 0.45 
5 23 8 34.8 0.5  16 69.6 0.5 8 34.8 0.73 
6 23 10 43.5 0.5  14 60.9 0.5 4 17.4 0.35 
7 23 18 78.3 0.4  18 78.3 0.4 0 0.0 0.00 
8 23 15 65.2 0.5  19 82.6 0.4 4 17.4 0.37 
9 23 7 30.4 0.5  15 65.2 0.5 8 34.8 0.76 
10 23 10 43.5 0.5  23 100.0 0.0 13 56.5 1.14 
11 23 14 60.9 0.5  19 82.6 0.4 5 21.7 0.45 
12 23 12 52.2 0.5  9 39.1 0.5 -3 -13.0 -0.26 
13 23 9 39.1 0.5  19 82.6 0.4 10 43.5 0.89 
14 23 6 26.1 0.4  17 73.9 0.4 11 47.8 1.09 
15 23 10 43.5 0.5  21 91.3 0.3 11 47.8 0.96 
16 23 2 8.7 0.3  13 56.5 0.5 11 47.8 1.70 
17 23 5 21.7 0.4  17 73.9 0.4 12 52.2 1.26 
18 23 7 30.4 0.5  17 73.9 0.4 10 43.5 0.94 
19 23 7 30.4 0.5  17 73.9 0.4 10 43.5 0.94 
20 23 17 73.9 0.4  26 113.0 2.2 9 39.1 0.89 
21 23 3 13.0 0.3  13 56.5 0.5 10 43.5 1.29 
22 23 15 65.2 0.5  19 82.6 0.4 4 17.4 0.37 
23 23 7 30.4 0.5  21 91.3 0.3 14 60.9 1.32 
24 23 8 34.8 0.5  17 73.9 0.4 9 39.1 0.82 
25 23 9 39.1 0.5  17 73.9 0.4 8 34.8 0.71 
26 23 15 65.2 0.5  22 95.7 0.2 7 30.4 0.64 
27 23 2 8.7 0.3  19 82.6 0.4 17 73.9 2.62 
28 23 7 30.4 0.5  19 82.6 0.4 12 52.2 1.13 
29 23 6 26.1 0.4  18 78.3 0.4 12 52.2 1.19 
30 23 12 52.2 0.5  18 78.3 0.4 6 26.1 0.52 
31 23 4 17.4 0.4  19 82.6 0.4 15 65.2 1.72 
32 23 16 69.6 0.5  16 69.6 0.5 0 0.0 0.00 
33 23 12 52.2 0.5  9 39.1 0.5 -3 -13.0 -0.26 
34 23 15 65.2 0.5  20 87.0 0.3 5 21.7 0.46 
35 23 15 65.2 0.5  21 91.3 0.3 6 26.1 0.55 
36 23 15 65.2 0.5  18 78.3 0.4 3 13.0 0.27 
37 23 5 21.7 0.4  15 65.2 0.5 10 43.5 1.05 
38 23 5 21.7 0.4  13 56.5 0.5 8 34.8 0.84 
39 23 10 43.5 0.5  22 95.7 0.2 12 52.2 1.05 
40 23 3 13.0 0.3  10 43.5 0.5 7 30.4 0.90 
41 23 4 17.4 0.4  13 56.5 0.5 9 39.1 1.03 
42 23 8 34.8 0.5  8 34.8 0.5 0 0.0 0.00 
43 23 19 82.6 0.4  17 73.9 0.4 -2 -8.7 -0.23 
Mean    9.7    42.4% 0.4    17.2   74.7% 0.4 7.5 32.4% 0.73 
SD   4.7      20.5     3.8   16.4  4.8     20.7 0.6 
* Raw data is located in Appendix D    
** Effect Size          




Table 11. Mean Raw Score Gain for Test Items by Class Period. 
 
  Class Period   
Item #   2 3 4 5 Mean Gain SD 
1  6 6 7 3 5.5 1.5 
2  2 4 6 12 6.0 3.7 
3  10 6 3 8 6.8 2.6 
4  6 4 7 5 5.5 1.1 
5  7 0 -2 8 3.3 4.3 
6  6 5 3 4 4.5 1.1 
7  4 5 6 0 3.8 2.3 
8  4 8 7 4 5.8 1.8 
9  6 7 7 8 7.0 0.7 
10  7 8 9 13 9.3 2.3 
11  2 4 12 5 5.8 3.8 
12  4 5 4 -3 2.5 3.2 
13  5 4 10 10 7.3 2.8 
14  10 15 14 11 12.5 2.1 
15  9 11 5 11 9.0 2.4 
16  9 11 5 11 9.0 2.4 
17  5 1 1 12 4.8 4.5 
18  7 4 4 10 6.3 2.5 
19  9 8 9 10 9.0 0.7 
20  3 4 7 9 5.8 2.4 
21  8 7 4 10 7.3 2.2 
22  6 3 6 4 4.8 1.3 
23  11 12 12 14 12.3 1.1 
24  9 13 7 9 9.5 2.2 
25  4 6 5 8 5.8 1.5 
26  4 13 9 7 8.3 3.3 
27  15 17 18 17 16.8 1.1 
28  10 15 12 12 12.3 1.8 
29  8 9 11 12 10.0 1.6 
30  9 8 6 6 7.3 1.3 
31  8 9 10 15 10.5 2.7 
32  3 2 3 0 2.0 1.2 
33  3 7 7 -3 3.5 4.1 
34  6 8 4 5 5.8 1.5 
35  6 11 9 6 8.0 2.1 
36  2 3 5 3 3.3 1.1 
37  7 14 9 10 10.0 2.5 
38  1 8 4 8 5.3 2.9 
39  11 10 13 12 11.5 1.1 
40  0 7 7 7 5.3 3.0 
41  5 10 0 9 6.0 3.9 
42  1 1 2 0 1.0 0.7 
43 	   1 2 2 -2 0.8 1.6 
Mean	   6.0 7.3 6.7 7.5   6.9  2.2 
SD 3.2 4.1 3.9 4.8   3.3  
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Table 12. Mean Effect Size for Test Items by Class Period. 
 
  Class Period   
Item #  2 3 4 5 Mean ES SD 
1  0.61 0.53 0.75 0.30 0.55 0.2 
2  0.20 0.35 0.64 1.26 0.61 0.4 
3  1.15 0.55 0.32 0.70 0.68 0.3 
4  0.65 0.42 0.76 0.45 0.57 0.1 
5  0.98 0.00 -0.21 0.73 0.37 0.5 
6  0.69 0.45 0.39 0.35 0.47 0.1 
7  0.42 0.47 0.65 0.00 0.39 0.2 
8  0.42 0.70 0.75 0.37 0.56 0.2 
9  0.60 0.61 0.75 0.76 0.68 0.1 
10  0.70 0.70 0.98 1.14 0.88 0.2 
11  0.20 0.37 1.31 0.45 0.58 0.4 
12  0.44 0.77 0.58 -0.26 0.38 0.4 
13  0.50 0.37 1.29 0.89 0.76 0.4 
14  1.25 3.20 2.40 1.09 1.98 0.9 
15  0.94 1.09 0.55 0.96 0.89 0.2 
16  1.04 1.42 0.57 1.70 1.18 0.4 
17  0.52 0.09 0.11 1.26 0.50 0.5 
18  0.76 0.35 0.44 0.94 0.62 0.2 
19  1.50 0.84 1.30 0.94 1.15 0.3 
20  0.35 0.38 0.74 0.89 0.59 0.2 
21  0.84 0.66 0.45 1.29 0.81 0.3 
22  0.62 0.26 0.65 0.37 0.48 0.2 
23  1.12 1.19 1.43 1.32 1.27 0.1 
24  1.13 1.37 0.75 0.82 1.02 0.2 
25  0.42 0.53 0.55 0.71 0.55 0.1 
26  0.46 1.16 0.95 0.64 0.80 0.3 
27  2.50 1.79 3.09 2.62 2.50 0.5 
28  1.02 1.58 1.55 1.13 1.32 0.2 
29  0.92 0.89 1.42 1.19 1.11 0.2 
30  0.92 0.71 0.65 0.52 0.70 0.1 
31  0.84 1.03 1.03* 1.72 1.20 0.4 
32  0.35 0.18 0.32 0.00 0.21 0.1 
33  0.31 0.62 0.90 -0.26 0.40 0.4 
34  0.60 0.71 0.42 0.46 0.55 0.1 
35  0.63 1.00 0.98 0.55 0.79 0.2 
36  0.23 0.28 0.53 0.27 0.33 0.1 
37  0.81 1.81 1.08 1.05 1.19 0.4 
38  0.12 1.23 0.45 0.84 0.66 0.4 
39  1.12 0.87 1.55 1.05 1.15 0.3 
40  0.00 0.80 1.20 0.90 0.73 0.4 
41  0.52 0.99 0.00 1.03 0.64 0.4 
42  0.10 0.09 0.24 0.00 0.11 0.1 
43  0.17 0.23 0.24 -0.23 0.10 0.2 
Mean 0.70 0.74 0.91 0.76 0.78 0.3 
SD      0.4      0.4      0.6      0.6      0.6  
* Calculated using posttest standard deviation since the pretest standard deviation was zero 
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Michigan High School Content Expectations Attained on Posttest.   Student 
raw posttest scores of 30 (70%) or greater were determined to have met Michigan’s 
HSCE.  Only three of 85 students overall met the posttest expectations on the pretest.  
After five weeks of technology interventions, students took the posttest.  A graph of 
individual student raw score change between the pretest and posttest was created for each 
class period using an Excel® spreadsheet.  The graphs (Figures 1-4) created a clear visual 
comparison of the raw score differences after five weeks.   
Thirteen of 20 (65.0%) second period students met Michigan’s HSCE (Figure 1).  
Sixteen of 23 (69.6%) third period students met these objectives (Figure 2).  Ten of 19 
(52.6%) fourth period students met these objectives (Figure 3).  Sixteen of 23 (69.6%) 
fifth period students met these objectives (Figure 4). 
Overall, every student, except for three individuals, increased their assessment 
scores.  A total of 55 of 85 (64.7%) of the students met the Michigan’s HSCE curriculum 
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Figure 1: This chart shows changes in each individual student’s pretest and posttest results for 
the second period class (aggressive intervention).  A raw score of 30 was set to establish the met 
or not met criterion. 
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Figure 2: This chart shows changes in each individual student’s pretest and posttest results for 
the third period class (aggressive intervention).  A raw score of 30 was set to establish the met or 
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Figure 3: This chart shows changes in each individual student’s pretest and posttest results for 
the fourth period class (non-aggressive intervention).  A raw score of 30 was set to establish the 
met or not met criterion. 	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Figure 4. Fifth Period's Individual Pretest and Posttest Score Change 	  
	  	  
Figure 4: This chart shows changes in each individual student’s pretest and posttest results for 
the fifth period class (non-aggressive intervention).  A raw score of 30 was set to establish the 
met or not met criterion. 
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Bloom’s Cognitive Levels Attained on Posttest.  Test items were written to 
measure Bloom’s higher cognitive levels (application and analysis) (Table 6).  The total 
number of students who correctly answered each item was used to establish gains in 
scientific literacy (Table 13).  Test items with 43 or more students (50%) correctly 
answering the question were determined to have met Bloom’s cognitive level.  
The synthesis cognitive level questions were encompassed in short answers questions that 
were not analyzed due to varied point sums.  The evaluation cognitive level was not 
measured in this study. 
 
Table 13. Bloom’s Cognitive Levels Attained as a Result of Instruction. 
Cognitive Level* Item Number 




correct > 43 (50%) 
Application 11 70 Met 
 13 68 Met 
 17 46 Met 
 21 52 Met 
 24 63 Met 
 27 78 Met 
 30 65 Met 
 43 73 Met 
Analysis 12 33 Not Met 
 31 57 Met 
 41 49 Met 
 42 31 Not Met 
* Basic cognitive levels (Knowledge and Comprehension) were not used to established scientific literacy.  Synthesis 
level questions were short answer and not analyzed.  The Evaluation level was not measured. 
** Bloom’s Cognitive Levels 
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Comprehension Differences (Current and Prior Years) 
Current Year Compared with Prior Year Results.  The non-academic variables 
were comparable for the three classes being compared.  The demographics of the current 
year were similar to the two prior years (Table 4).  The current 2011-2012 gender 
distribution of males (46.3%) and females (53.7%) was similar to the mean for the three 
classes being compared (males 47.0% and females 53.0%).  The current 2011-2012 
number of non-white students (3%) and those receiving special education services (9%) 
were comparable to the to the mean for the three classes being compared (non-white 
1.3%, special education 10.0%).  The current (2011-2012) number of students classified 
as economically disadvantaged (52.3%) was similar to the mean for the three classes 
being compared (55.4%).  The number of students in the current ninth grade physical 
science class (108) was slightly smaller than the 2010-2011 class (127), but larger than 
the 2009-2010 class (98) (Tables 14, 15, and 16). 
It is also important to establish an external assessment of science achievement 
between the three classes being compared.  The standardized eight grade science 
Michigan Educational Assessment Program (MEAP) results were utilized for this 
comparison.  The science MEAP proficiency is categorized into four levels: level 1 
(advanced), level 2 (proficient), level 3 (partially proficient), and level 4 (not proficient).  
All three classes being compared entered ninth grade with a science MEAP mean rating 
of partially proficient.   
The science MEAP mean proficiency for the current year class (3.5) was 0.3 
points less than the 2010-2011 class (3.2).  The effect size for this difference was 0.30 
(Table 14).  A test of the hypothesis of no mean difference shows that the difference in 
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MEAP performance between these two classes was statistically significant (p = 0.002).  
The science MEAP mean proficiency for the current year class (3.5) was 0.4 points less 
than the 2009-2010 class (3.1).  The effect size for this difference was 0.40 (Table 15).  A 
test of the hypothesis of no mean difference shows that the difference in performance 
between these two classes was statistically significant (p = 0.001).  The science MEAP 
mean proficiency for the 2010-2011 class (3.2) was 0.1 points less than the 2009-2010 
class (3.1).   The effect size for this difference was 0.10 (Table 16).  A test of the 
hypothesis of no mean difference shows that the difference in performance between these 
two classes was supported (p = 0.257) 
 











Difference ES t-Test*** 
N**** 113 127    
Mean 3.5 3.2 0.3 0.30 0.002 
SD 0.7 1.0    
* All School Years MEAP Proficiency Detail Data Results, Middle School, Science, 8th Grade (2012) 
** Proficiency Levels: (1) Advanced, (2) Proficient, (3) Partially Proficient, (4) Not Proficient 
 
*** Probability associated with Students’ two-sample, unequal variance t-test, with a single-tailed distribution, and a 
0.05 significance level. 
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Difference ES t-Test*** 
N**** 113 98    
Mean 3.5 3.1 0.4 0.40 0.001 
SD 0.7 1.0    
*All School Years MEAP Proficiency Detail Data Results, Middle School, Science, 8th Grade (2012) 
** Proficiency Levels: (1) Advanced, (2) Proficient, (3) Partially Proficient, (4) Not Proficient 
*** Probability associated with Students’ two-sample, unequal variance t-test, with a single-tailed distribution, and a 
0.05 significance level.	  















Difference ES t-Test*** 
N**** 127 98    
Mean 3.2 3.1  0.1 0.10 0.257 
SD 1.0 1.0    
* All School Years MEAP Proficiency Detail Data Results, Middle School, Science, 8th Grade (2012) 
** Proficiency Levels: (1) Advanced, (2) Proficient, (3) Partially Proficient, (4) Not Proficient 
*** Probability associated with Students’ two-sample, equal variance t-test, with a single-tailed distribution, and a 
0.05 significance level. 
**** N reflects 8th grade student numbers, which differ from the entire ninth grade class and physical science class 
totals.	  
 
The general student demographics and science MEAP mean proficiency provides 
evidence that the three Calumet High School ninth grade classes being compared in this 
research study were similar, except that the current year class performed significantly 
lower on the eighth grade MEAP proficiency test compared with the two prior year 
classes. 
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The posttest assessments used in this study for the current and two previous years 
were identical with respect to the items used, except for the addition of three multiple 
choice items (#41, #42, and #43) that were added during the current year.   These three 
assessment items were used during comparison of pretest and posttest scores only for the 
current year.  Assessment items #41, #42, and #43 were removed from the current mean 
posttest scores for comparison with the two prior year classes’ (2009-2010 and 2010-
2011) mean posttest scores. 
The current year class received an average posttest score of 37.5 points (72.1%), 
which was 3.1 points (6.0%) higher than the 2010-2011 year class with 34.4 points 
(66.1%) (Table 17).  Figure 5 shows the raw score distributions for these two groups of 
students.  The difference between the current year class and 2010-2011 year class on 
mean posttest scores resulted in an effect size of 0.35 (Table 17).  A test of the hypothesis 
of no mean difference shows that the difference in performance between these two 










Difference ES t-Test* 
N 85 86    
Mean 37.5 (72.1%) 34.4 (66.1%) 3.1 (6.0%) 0.35 0.013 
Standard 
Deviation 7.9 9.9    
* Probability associated with Students’ two-sample, unequal variance t-test, with a single-tailed distribution, and a 
0.05 significance level. 
 
  
Table 17. Current and Prior 2010-2011 Class Comparison of Posttest 
Scores, Effect Size, and t-Test Probability. 
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Figure 5: This chart shows the frequency distribution of the current and prior 2010-2011 year 
classes’ raw posttest scores.  The posttest was composed of 43 multiple choice questions and 
four short answer problems (Appendix A).     
 
The second comparison was with the current ninth grade class average posttest 
score of (37.5 points) was 2.8 points (5.4%) higher than the 2009-2010 class with 34.7 
points (66.7%) (Table 18).  The current year class posttest score distribution was 
compared to the 2009-2010 year class (Figure 6).  The current difference between the 
current class compared and the mean posttest scores for 2009-2010 class resulted in an 
effect size of 0.32 (Table 18).  A test of the hypothesis of no mean difference shows that 
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Difference ES t-Test* 
N 85 69    
Mean 37.5 (72.1%) 34.7 (66.7%) 2.8 (5.4%) 0.32 0.029 
Standard 
Deviation 7.9 9.8    
* Probability associated with Students’ two-sample, unequal variance t-test, with a single-tailed distribution, and a 
0.05 significance level. 
 
 




Figure 6: This chart shows the frequency distribution of the current and prior 2009-2010 year 
classes’ raw posttest scores.  The posttest was composed of 43 multiple choice questions and 
four short answer problems (Appendix A).     
Table 18. Current and Prior 2009-2010  Class Comparison of Posttest 
Scores, Effect Size, and t-Test Probability.  
 
Legend 
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The third comparison was between the two prior year ninth grade classes, which 
had similar mean posttest scores and standard deviations.  The 2010-2011 year class 
mean posttest score of 34.4 points (66.1%) was 0.3 points (0.6%) less than the 2009-2010 
year class with 34.7 points (66.7%) (Table 19).  The 2010-2011 year class posttest score 
distribution was compared to the 2009-2010 year class (Figure7).  The 2010-2011 year 
class mean posttest scores compared with the 2009-2010 year class resulted in an effect 
size of 0.03 (Table 19).  A test of the hypothesis shows that there was no significant 









Difference ES t-Test* 
N 86 69    
Mean 34.4 (66.1%) 34.7 (66.7%) -0.3 (-0.6%) 0.03 0.427 
Standard 
Deviation 9.9 9.8    





Table 19. Prior 2010-2011 and 2009-2010  Class Comparison of Posttest 
Scores, Effect Size, and t-Test Probability. 
 
	  	  69	  
Figure 7. 2010-2011 and 2009-2010 Class Comparison of Posttest Scores. 
 
 
Figure 7: This chart shows the frequency distribution of the prior 2010-2011 and 2009-2010 year 
classes’ raw posttest scores.  The posttest was composed of 43 multiple choice questions and 
four short answer problems (Appendix A).     	  
 
Technology Survey Results 
The technology survey also served to evaluate the extent to which the research 
study goals were attained.  These goals included: (1) determine if providing iPad tablets, 
videos, PowerPoint presentations, and audio podcasts on a school webpage would 
improve ninth grade, physical science students’ “comprehension of the content” and (2) 
improve the connections students make with what they are learning in the classroom and 
the “real world” applications of that information. 
Legend 
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The study consisted of 85 of the 99 students from the current physical class.  
Fourteen students opted out of the study or did not return their consent forms.  The 
technology survey was administered to the 81 of the 85 students in the research study.  
Four students from the study refused to complete the survey.   
The teacher distributed an individual progress report to each student, which 
included their marking period grade, absences, and posttest grade.  Students self-reported 
their individual information when answering the technology survey questions.  Students 
used the iPad tablets to complete the survey.   
 
Internet Access and Comprehension (Posttest Grades).  The technology 
survey assessed current student internet access compared with the grade received on the 
posttest (Table 20).  A majority of students were able to work on their iPad tablets or 
complete on-line assignments at home or in the community.  The survey showed 
(Appendix F), almost all students had wireless internet (86.2%) and could use their iPad 
tablets in their home.  Still more students had access to a home computer and internet 
access (93.8%).  A majority of students (70.4%) indicated that they used their iPad tablets 
before and after school in the public library, study hall, and the student commons area 
(Appendix F).  Each of these locations had wireless internet access available. 
Students with internet access and those without internet access were compared 
using their posttest grades (Table 20).  Of the five students without internet access at 
home (6.2%), three of these students received a B, one received a C, and another a D. 
None of the students without internet access at home failed the posttest.  The mean grade 
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for the students with internet access was a D (1.8) and a C (2.4) for the five students 
without internet access. 
 
Table 20. Current Student Internet Access Compared with Posttest 
Grade. 






Internet Access Total 
Percent of 
Total 
A (90-100%) 5 0 5  6.2 
B (80-89.9%) 20 3 23 28.4 
C (70-79.9%) 19 1 20 24.7 
D (60-69.9%) 16 1 17 21.0 
E (0-59.9%) 16 0 16 19.7 
Total 76 5 81          100.0 
Mean Grade* D (1.8) C (2.4) D (1.8)  
* Mean grade based on four point grade point average (GPA)  
 
Treatment Subgroups and Comprehension (Posttest Grade).  The 
technology survey assessed current students in treatment subgroups (non-aggressive and 
aggressive) compared with their posttest grade (Table 21).  Two treatment subgroups 
(non-aggressive and aggressive) were established to compare the effects of teacher 
communications and the resulting posttest grade for each subgroup.  The non-aggressive 
treatment group (2nd and 3rd hours) had 42 students (52%) and the aggressive treatment 
group (4th and 5th hours) had 38 students (48%) (Table 21). 
Students were able to receive and respond to the teacher’s electronic 
communications with their iPad tablets.  Both groups received six email notifications 
pertaining to the availability of the intervention technologies.  The aggressive treatment 
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groups were twice instructed to access the teacher’s webpage with their iPad tablets and 
visually locate the technology interventions.  The communication log can be found in 
Appendix C. 
The students in the non-aggressive treatment group had a mean grade of a D (1.8).  
The aggressive treatment group had a mean grade on the posttest of a D (1.8). 
The non-aggressive treatment group grade had a greater number of students with 
above average grade (A and B) 16 (19.8%).  Comparatively, the aggressive treatment 
group only had 12 students (14.8%) with above average grades (A and B) (Table 21).    
 
Table 21. Treatment Subgroup (Non-Aggressive and Aggressive 
Treatment) Compared with Student Posttest Grades. 
 





(2nd and 3rd Periods) 
Aggressive 
 Treatment Group 





A (90-100%) 2 3 5  6.2 	  
B (80-89.9%) 14 9 23 28.4 	  
C (70-79.9%) 9 11 20 24.7 	  
D (60-69.9%) 9 8 17 21.0 	  
E (0-59.9%) 8 8 16 19.7 	  
Total 42 (52%) 39 (48%) 81    100.0 
Mean Grade* D (1.8) D (1.8)   
* Mean grade based on four point grade point average (GPA)  	  
 
Video Viewing and Comprehension (Posttest Grade).  The technology survey 
had students report the number of videos watched from any of the eight videos made 
available on the website.  This number was compared with the corresponding grade 
received on the posttest for the unit (Table 22).  The premise being that the greater 
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number of videos each student watched would result in higher posttest grades.  Three of 
the 5 students (60%) who received an A on the posttest did watch 5-6 videos (medium-
high usage).  Also, the nine students (11.1%) who had medium-high video usage (5-6 
videos) and the nine students (11.1%) who had high video usage (7-8 videos) were the 
only two video usage categories who did not earn an E on the posttest. 
Of the 81 students, 28 students (34.6%) did not watch any of the videos (Table 
22).  Of these students, no one received an A on the posttest.  Interestingly, this was also 
true for nine students (11.1%) who had high usage of videos (7-8 videos). 
 
Table 22. Video Viewing Compared with Posttest Grade. 
 



























A (90-100%) 0 1 1 3 0 5  6.2 
B (80-89.9%) 11 4 5 1 2 23 28.4 
C (70-79.9%) 5 6 4 3 2 20 24.7 
D (60-69.9%) 4 2 4 2 5 17 21.0 
E (0-59.9%) 8 5 3 0 0 16 19.7 
Total 28 18 17 9 9 81    100.0 
Mean Grade* D (1.7) D (1.7) D (1.8) C (2.6) D (1.7)   
* Mean grade based on four point grade point average (GPA) 
 
PowerPoint Presentation Viewing and Comprehension (Posttest Grades).  
The technology survey had students report the number of PowerPoint presentations 
watched from any of the five PowerPoint presentations made available on the website.  
This number was compared with the corresponding grade received on the posttest for the 
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unit (Table 23).  The teacher predicted that students who watched a greater number of 
PowerPoint presentations would achieve higher posttest grades.  Each PowerPoint 
presentation usage category had the same mean grade (D); however, students who did not 
watch any PowerPoint presentations had the lowest mean grade (1.6).  The other three 
usage groups (low, medium, high) had a higher mean grade (1.9, 1.9, and 1.7). 
Students with a higher PowerPoint presentation usage (medium and high) had a 
greater number of individuals with average (C) and below average (D) posttest grades 
and fewer failing grades (E).  The data showed lower numbers of students with above 
average grades (A and B) on their posttest grades for this same group (medium and high 
usage). 
 
Table 23. PowerPoint Presentation (PPt) Viewing Compared with 
Posttest Grade. 
 
     












(5 PPt) Total 
Percent of 
Total 
A (90-100%) 1 2 1 1 5   6.2 
B (80-89.9%) 6 8 6 3 23 28.4 
C (70-79.9%) 6 3 11 0 20 24.7 
D (60-69.9%) 3 2 8 4 17 21.0 
E (0-59.9%) 7 6 1 2 16 19.7 
Total 23 21 27 10 81       100.0 
Mean Grade* 1.6 (D) 1.9 (D) 1.9 (D) 1.7 (D)   
* Mean grade based on four point grade point average (GPA) 
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Audio Podcast Usage and Comprehension (Posttest Grades).  The 
technology survey had students report the number of audio podcasts listened to from 
either of the two audio podcasts made available on the website.  This number was 
compared with the corresponding grade received on the posttest for the unit (Table 24).  
Of all the technology interventions, the audio podcasts were the least utilized.  Seventy 
students (86.4%) did not listen to any audio podcasts, eight students (9.9%) listened to 
one, and a mere three students (3.7%) listened to both.  Of the three categories of usage 
(no usage, low usage, and high usage), only the high usage category did not have any 
students whom failed the posttest. 
 
 
Treatment Subgroup and Overall Technology Usage.  The assigned treatment 
subgroups (non-aggressive and aggressive) and their frequency of intervention usage 
(videos, PowerPoint presentations, and audio podcasts) were recorded and compared 
Table 24. Audio Podcasts Usage Compared with Posttest Grade. 










(2 Podcasts) Total 
Percent of 
Total 
A (90-100%) 4 1 0 5  6.2 
B (80-89.9%) 21 2 0 23 28.4 
C (70-79.9%) 17 2 1 20 24.7 
D (60-69.9%) 13 2 2 17 21.0 
E (0-59.9%) 15 1 0 16 19.7 
Total 70 8 3 81     100.0 
Mean Grade* D (1.8) C (2.0) D (1.3)   
* Mean grade based on four point grade point average (GPA)  	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(Table 25).  Only interventions that were utilized more than one time by a student were 
counted in the overall frequency usage.  To clarify, the number of times students watched 
2 to 8 videos, watched 2 to 5 PowerPoint presentations, and listened to both audio 
podcasts were calculated and recorded for each treatment subgroup.  The treatment 
subgroup composite frequency usage for each intervention was compared. 
The number of students in the aggressive subgroup (39) was few than the non-
aggressive subgroup (42); however, the students in the aggressive subgroup utilized the 
technological interventions with higher frequency (Table 25).  The aggressive subgroup 
used the videos 11.5%, PowerPoint presentations 7.3%, and audio podcasts 2.6% more 
often than the non-aggressive subgroup.   
 
Treatment Subgroup and Teacher Communications.  The technology survey 
asked students in treatment subgroups (non-aggressive and aggressive) their perception 
that teacher communications were helpful (Table 26). Seventy-seven (95%) students 
responded (agree and somewhat agree) in both subgroups (non-aggressive and 
Table 25. Treatment Subgroup Compared with Overall Frequency of 
Technology Usage.* 
        
Treatment 




Podcasts Total Mean 
Non-Aggressive 42 21 (50.0%) 26 (61.9%) 1 (2.4%) 48 16.0 
Aggressive 39 24 (61.5%) 27 (69.2%) 2 (5.1%) 53 17.7 
Difference 3 11.5% 7.3% 2.6% 5 1.7 
Mean  40.5 22.5 26.5 1.5 50.5  
SD  1.5  1.5  0.5 0.5   2.5  
* Frequency based on more than one use of  technology intervention 	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aggressive) that the teacher’s email communications were helpful (Table 26).  In the non-
aggressive treatment group (2nd and 3rd hours) 28 students (34.6%) “agree” and 11 
students (13.6%) “somewhat agree” the teacher’s communications were helpful.  In the 
aggressive treatment group (4th and 5th hours) 33 students (40.7%) “agree” and 5 




Video Viewing and Perception of Helpfulness.  The technology survey asked 
students to report the number of videos they watched from any of the eight videos made 
available on the website.  This number was compared with the student rating of perceived 
helpfulness of having access to these videos (Table 27).  Seventy-six students (93.8%) 
responded (agree and somewhat agree) that having videos on the teacher’s webpage was 
helpful.  Though a majority of students thought the videos were helpful, there was no 
difference between the aggressive (D, 1.8) and non-aggressive (D, 1.8) subgroup posttest 
grades (Table 19).   
Table 26. Treatment Subgroups Compared with Student Perception that 





(2nd and 3rd Hours) 
Aggressive 
Treatment Group 
(4th and 5th Hours) Total 
Percent 
of Total 
Agree 28 33 61 75.3 
Somewhat agree 11 5 16 19.7 
Somewhat disagree 2 0 2  2.5 
Disagree 1 1 2  2.5 
Total 42 39 81    100.0 	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Table 27. Student Report of Videos Viewed Compared with Perception 






















Agree 16 12 11 7 7 53 65.4 
Somewha
t agree 9 5 6 2 1 23 28.4 
Somewha
t disagree 2 1 0 0 0 3   3.7 
Disagree 1 0 0 0 1 2   2.5 
Total 28 18 17 9 9 81  100.0 
 
PowerPoint Presentations Viewing and Perception of Helpfulness.  The 
technology survey asked students to report the number of PowerPoint presentations they 
watched from any of the five PowerPoint presentations made available on the website.  
This number was compared with the student rating of perceived helpfulness of having 
access to these PowerPoint presentations (Table 28).  Seventy-six students (93.8%) 
responded (agree and somewhat agree) that having PowerPoint presentations on the 
teacher’s webpage was helpful.  This response (93.8%) to the PowerPoint presentations 
parallels the same response to having videos (93.8%) on the teacher’s webpage.  Students 
responded that the five PowerPoint presentations were helpful in learning the curriculum 
with 61 students (65.4%) who “agree” and 15 students (28.4%) “somewhat agree”.  Only 
1 of the 81 students (1.2%), who did not access any of the PowerPoint presentations, felt 
that they were not helpful (disagree). 	   	  




Audio Podcast Usage and Perception of Helpfulness.  The technology survey 
asked students to report the number of audio podcasts they listened to from the two audio 
podcasts made available on the website.  This number was compared with the student 
rating of perceived helpfulness of having access to these audio podcasts (Table 29).  
Fifty-eight students (71.6%) responded (agree and somewhat agree) that having audio 
podcasts on the teacher’s webpage was helpful, even though few students utilized this 
technological resource (Table 29).  Twenty-six students (32.1%) “agree” and 32 students 
(39.5%) “somewhat agree” that having audio podcasts on the teacher’s webpage was 
helpful to their learning.   	    
Table 28. Student Report of PowerPoint Presentations Viewed Compared 













(5 PPt) Total 
Percent 
of Total 
Agree 12 16 23 10 61 65.4 
Somewhat 
agree 8 4 3 0 15 28.4 
Somewhat 
disagree 2 1 1 0 4   3.7 
Disagree 1 0 0 0 1   2.5 
Total 23 21 27 10 81    100.0 
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Table 29. Student Report of Audio Podcasts Usage Compared with 







(2 Podcasts) Total 
Percent 
of Total 
Agree 21 3 2 26 32.1 
Somewhat agree 27 4 1 32 39.5 
Somewhat disagree 14 1 0 15 18.5 
Disagree 8 0 0 8   9.9 
Total 70 8 3 81    100.0 	  	  
Helpfulness and Curriculum Goals (Comprehension).  The technology survey 
assessed the current student perception that that the overall technological intervention 
was helpful in strengthening their comprehension (Table 30).  Seventy-three students 
(90.2%) responded (agree and somewhat agree) the technological resources were helpful 
in strengthening student comprehension of the earth science and chemistry objectives 
(Table 30).  Student responses included 37 students (45.7%) who “agree” and 36 students 
(44.5%) “somewhat agree”.   
 
 
Student Response Total Percent of Total 
Agree 37 45.7 
Somewhat agree 36 44.5 
Somewhat disagree 4   4.9 
Disagree 4   4.9 
Total 81                 100.0 
Table 30. Current Student Perception that Overall Technological 
Intervention was Helpful in Strengthening Comprehension. 
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Helpfulness and Curriculum Goals (Misconceptions).  The technology survey 
assessed the current student perception that that the overall technological intervention 
was helpful in clarifying misconceptions (Table 31).  Seventy-five students (92.6%) 
responded (agree and somewhat agree) the technological resources were helpful in 
clarifying misconceptions or things that students were confused about in the earth science 
and chemistry unit (Table 31).  Students responded that the technological resources were 
helpful with 31 students (38.3%) who “agree” and 44 students (54.3%) “somewhat 
agree”.   
 
Student Response Total Percent of Total 
Agree 31 38.3 
Somewhat agree 44 54.3 
Somewhat disagree 4   2.5 
Disagree 4   4.9 
Total 81 100.0 
 
Helpfulness and Curriculum Goals (Active Process).  The technology survey 
assessed the current student perception that that the technological interventions were 
helpful in demonstrating science is an active process (Table 32).  Sixty-six students 
(81.5%) responded (agree and somewhat agree) that the technological resources focusing 
on historical figures and modern scientists helped students see that science was an active 
Table 31. Current Student Perception that Technological Interventions were 
Helpful in Clarifying Misconceptions. 
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process with many goals and differing paths (Table 32).  Twenty students (24.7%) who 
“agree” and 46 students (56.8%) “somewhat agree” to this question.   
 
Student Response Total Percent of Total 
Agree 20 24.7 
Somewhat agree 46 56.8 
Somewhat disagree 10 12.3 
Disagree 5   6.2 
Total 81 100.0 
 
Helpfulness and Curriculum Goals (Future Career).  The technology survey 
assessed the current student perception that the teacher’s science class may be helpful in 
students’ future career (Table 33).  Sixty-four students (79%) responded (agree and 
somewhat agree) when asked if what they were learning in the science class may be 
helpful in their future career (Table 33).  Thirty-four students (42%) who “agree” and 30 
students (37%) “somewhat agree” with this question.   	    
Table 32. Current Student Perception that Overall Technological 
Intervention was Helpful in Demonstrating Science is an Active 
Process. 
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Student Response Total Percent of Total 
Agree 34 42.0 
Somewhat agree 30 37.0 
Somewhat disagree 9 11.1 
Disagree 8   9.9 
Total 81 100.0 
 
 
Webpage Analysis Results.  The teacher webpage was analyzed with the 
Google Analytics® software program during the last 18 days (March 12 – March 30) of 
the research study and the results were recorded (Appendix G).  Google Analytics® 
identified 146 unique individuals that visited the teacher’s webpage for a total of 443 
visits.  There were 297 returning visitors (67%) and 146 new visitors (33%) during the 18 
days of analysis.  The software program calculated 3:06 minutes for the average time 
spent on the webpage.  There were 1,239 pages viewed during the 18 days of analysis and 
an average of 2.80 views per visit.  Individuals who accessed the teacher’s webpage 
totaled 430 (97.1%) from the United States.  The majority of visitors originated from the 
following cities: 354 (79.9%) from Calumet, Michigan; 49 (11.1%) from Houghton, 
Michigan; 10 (2.3%) from Green Bay, Wisconsin; 9 (2.0%) from Appleton, Wisconsin; 6 
(1.4%) from Traverse City, Michigan; 3 (0.7%) from Marquette, Michigan; and 2 (0.5%) 
from Chicago, Illinois. 	    
Table 33. Current Student Perception that the Teacher’s Science Class May 
be Helpful in Students’ Future Career. 
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Chapter 5 – Conclusion 
The goal of this study was to determine if having access to technology, including 
iPad tablets and teacher’s physical science webpage resources, could assist ninth grade 
high school students in attaining greater comprehension with specific state standards for 
earth science and chemistry (Table 1).  It was my intent that through careful assessment I 
could contribute new information on the effectiveness of these technological 
interventions on comprehension and scientific literacy compared to traditional classroom 
instruction.   
 
Did the Students Learn the Intended Content? 
This study first needs to establish that the students in the current year did indeed 
learn the earth science and chemistry content that was taught to them.  My examination of 
the evidence collected, gains between the pretest and posttest, indicates that this is the 
case. 
Evidence for Learning.  The current year students were tested prior to 
instruction (pretest) and then again after instruction (posttest).  The pretest and posttest 
items were identical and were designed to measure objectives specific to the Michigan 
Department of Education’s High School Content Expectations (Table 5).  The posttest 
scores improved by an average of 6.9 points (32.4%) (Table 11).  An average effect size 
of 0.78, which can be considered practically important, was calculated for test items #1 
through #43 for the current year classes (Table 12).  Most assessment items had a positive 
mean effect size that was greater than 0.30, which can be considered practically 
important.  The only exceptions were items #32 (0.21), #42 (0.11), and #43 (0.10).   
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There could be several factors to account for the lower effect size gain for these 
assessment items.  Item #32 may not have been adequately covered during instruction or 
the question may have been confusing to students.  Items #42 and #43 assessed the 
Michigan HSCE topic E1.1 and were novel questions for this unit.  Like items #32, item 
#42 may not have been adequately covered during instruction or the question may have 
been confusing to the students.  Item #43 had a low mean effect size (0.10) due to a large 
number of students getting the question correct on the pretest and the posttest, causing the 
composite gain to be lower than expected. 
 
High School Curriculum Goals Learning.  Student raw posttest scores of 30 
(70%) or greater were determined to have met the Michigan’s HSCE.  Only three of 85 
students overall met the posttest expectations on the pretest.  At the conclusion of the 
study, all students, except for three individuals, increased their assessment scores.  
Negative gains between their pretest and posttest could be attributed to the time in which 
the class met (morning), motivation toward science class and school in general, or 
difficulties with learning the science content.  A total of 55 of 85 (64.7%) of the students 
met the Michigan’s HSCE.  Overall, the results demonstrate that the interventions were 
successful in increasing student comprehension.   
 
Scientific Literacy Learning.  The study was successful in increasing student 
scientific literacy during the five weeks of instruction.  This was assessed using posttest 
items assigned to Bloom’s application and analysis cognitive levels.  Both of Bloom’s 
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cognitive levels were determined to have been met with fifty percent or more of the test 
items for each cognitive level attained.   
 
Can Learning Gain Be Attributed to the Technological Interventions? 
The current year posttest scores on the earth science and chemistry assessment 
were higher than the prior year classes, so the reflexive answer is yes.  However, it’s best 
to safeguard against a knee-jerk assumption by asking some key questions.  Were the 
prior year classes in most ways similar to the current year class, including: traditional 
instruction, non-academic variables, and external assessment?  Also, what evidence can 
be shown that the current year posttest gains were the result of the technological 
interventions?  
 
Evidence of Similarity to Prior Year Classes.  The instruction and posttest1 was 
the same for the three classes being compared (Table 2).  Therefore, any differences in 
assessment data between the current and prior year classes should be the result of the 
technological interventions used with the current year students, if the classes can be 
shown to be similar. 
I was able to show, with respect to demographics, that the non-academic variables 
of the current year class were comparable to the two prior year classes (Table 4).  A 
comparison of gender, race, special needs, and economically disadvantaged status 
showed a similar distribution for all three classes.  The class sizes were also similar.   
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In addition, a comparison between the current class and the rest of the high school 
student body shows that they are also similar with respect to class size, gender, race, 
special needs, and economically disadvantaged status (Table 3). 
 I was also able to compare all three classes with respect to a standardized 
external assessment, the eighth grade science MEAP.  I used the proficiency rating for 
each student and created a mean proficiency for each class.  The MDE categorizes 
proficiency into four levels: level 1 (advanced), level 2 (proficient), level 3 (partially 
proficient), and level 4 (not proficient).  Each class achieved an approximate mean 
science MEAP rating of partially proficient, with mean proficiency ratings greater than 
3.0 and less than 4.0.  However, there were similarities and differences that should be 
noted. 
The two prior year classes were academically similar to each other with respect to 
mean MEAP proficiency (Table 16).  The mean MEAP proficiency for the 2010-2011 
year class (3.2) is almost the same as the 2009-2010 year class (3.1) with an effect size of 
0.10.  A t-test of the mean proficiencies shows that the difference in performance 
between these two classes was not statistically significant (p = 0.257).  With the academic 
similarity between the two prior year classes established, it is important to assess 
differences when compared to the current year class. 
The current year class had a mean proficiency that was less (3.5 is a lower mean 
proficiency) compared with the 2010-2011 year class (mean proficiency of 3.2).  This 
difference produced an effect size of 0.30 (Table 14).  A t-test of the mean proficiencies 
shows that the difference between to two class is statistically significant (p = 0.002).  
Likewise, the current year class (3.5) was less proficient when compared with the 2009-
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2010 year class (3.1).  This difference produced an effect size of 0.40 (Table 15).  A t-test 
of the mean proficiencies of these classes shows that the difference was also statistically 
significant (p = 0.001).  Noting the academic differences, it might be expected that the 
current year class would receive the lowest mean posttest score when compared to the 
prior year classes.  However, the current year class achieved the highest posttest mean of 
the three year class comparison (Tables 17 and 18). 
 
How Much Learning Gain is a Result of the Technology Intervention?  The 
classroom instruction was the same for the three classes being compared, except for the 
current year technological interventions.  The interventions assisted the current ninth 
grade student comprehension of the earth science and chemistry standards as 
demonstrated by the highest mean posttest score of 37.5 points (72.1%) (Table 17).  The 
two prior year classes each had lower mean posttest scores.  The 2010-2011 year class 
had a mean of 34.4 points (66.1%) and 2009-2010 year class had a mean of 34.7 points 
(66.7%) (Table 19).   
The 2010-2011 year class compared with the mean posttest scores for 2009-2010 
year class showed an effect size of 0.03 (not important) (Table 19).  A t-test of the means 
shows that the difference between the two classes was not statistically significant (p = 
0.427).   
The current year class compared with the mean posttest scores for 2010-2011 year 
class showed an effect size of 0.35 (particularly important) (Table 17).  A t-test of the 
means shows that the difference between the two classes is statistically significant (p = 
0.013).   
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The current year compared with the mean posttest scores for 2009-2010 year class 
showed an effect size magnitude of 0.32 (particularly important) (Table 18).  A t-test of 
the means shows that the difference between the two classes is statistically significant (p 
= 0.029).    
 It is my finding that the student gain was due to the direct and indirect result of 
the technological interventions.  This conclusion is based on the triangulation of the 
evidence provided in this single study.  The current year class was similar to the prior 
year classes (2010-2011 and 2009-2010) with respect to the instruction, posttest, non-
academic variables (demographics), and were also comparable to the rest of the high 
school student body (demographics).  The differences demonstrate the effects of the 
interventions. 
The distinctions between the classes started with the eighth grade science MEAP 
proficiencies.  The current year class’ mean MEAP proficiency was the lowest compared 
with the prior 2010-2011 and 2009-2010 year classes.  Given that the mean differences 
were statistically significant, we would expect the posttest data to show similar results.  
However, when the current year class posttest score was the highest compared with the 
prior 2010-2011 and 2009-2010 year classes.  When reviewing the data, there is 
supporting evidence that the posttest gains were the result of the technological 
interventions. 
 
What does the Technology Survey Say about the Usage of Technological 
Interventions?  Technology usage in the aggressive and nonaggressive subgroups was 
different.   Even though there was not an increase in posttest scores based on the 
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subgroup assignment, the data does demonstrate a greater use of interventions by the 
aggressive treatment group.  Students that were required to use their iPad tablets to access 
the teacher’s webpage and identify the technology resources that were available used the 
interventions more frequently.   
The aggressive treatment group utilized each technological intervention (videos, 
PowerPoint presentations, and audio podcasts) with greater frequency than the non-
aggressive treatment group (Table 25).  The aggressive subgroup used the videos 11.5%, 
PowerPoint presentations 7.3%, and audio podcasts 2.6% more often than the non-
aggressive subgroup.  This result seems logical.  If a teacher tells students that a very 
important intervention (i.e. video) is on their webpage and they should watch it, students 
often forget about it.  However, if the teacher gives students time in class to find the 
resource and look at it – students have now “seen” the video and are more likely to watch 
it later. 
Other results, regardless of subgroup assignment, included the videos that were 
posted on the teacher’s webpage were watched by a majority of the students.  A total of 
53 of 81 (65.4%) students surveyed watched at least one of the eight videos (Table 22).  
Twenty-eight (34.6%) did not watch any of the videos.  Students made several comments 
that it was nice to have videos available to watch.  Others wanted to know why I did not 
make my own videos because they would be better than the current videos.    
Students used the PowerPoint presentations more frequently than all the other 
technological interventions.  A total of 58 of 81 (71.6%) students surveyed accessed at 
least one of the five PowerPoint presentations on the teacher’s webpage (Table 23).  
Twenty-three (28.4%) did not watch any of the PowerPoint presentations.  It is important 
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to note that the posttest assessment data revealed that those students who accessed more 
PowerPoint presentations failed with less frequency than those who under-utilized this 
technological resource (Table 23).  
Only 1 of the 27 students (33.3%) who accessed 3-4 PowerPoint presentations 
(medium usage) failed the posttest.  Similarly, only 2 of the 10 students (12.3%) who 
accessed 5 PowerPoint presentations (high usage) earned an E on the posttest.  Seven of 
the 23 (28.4%) students who did not access any of the presentations failed.   
Students used the audio podcasts the least of all the technological interventions.  
Only 11 of 81 (13.6%) students surveyed listened to at least one of the two audio 
podcasts on the teacher’s webpage (Table 24).  Seventy (86.6%) did not watch any of the 
PowerPoint presentations.  Throughout the study, students made negative comments 
about the audio podcasts.  They said that just listening to someone talk about the 
information is boring and that they want to see what is going on.  Other educators found 
similar results with their students (Cann, 2007; Guertin, 2007).   
Dr. Cann from the University of Leicester, in the United Kingdom reached similar 
results with his two classes of 150 first year students and 90 second year biological 
science students.  When surveyed, Cann discovered that his audio podcast lectures were 
“not popular with students” and that few students accessed his [audio] lectures with “an 
average of 0.30 downloads per student per file (Cann, 2007, p.1). 
Dr. Guertin’s assessment of her introductory-level geoscience and Earth science 
courses at Penn State University showed few students accessed her audio podcast 
lectures.  Through end-of-course surveys, Dr. Guertin found that “30% of the 68 students 
accessed 2 podcasts, which represents 11% of the total number of podcasts 
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available.  One student accessed 10 different [podcast] files, more than 32% of the 
available podcasts” (Guertin et al, 2007, p.5) even though “over 97% of students had a 
home computer with speakers” (Guertin et al, 2007, p.3).  Students did not frequently 
take advantage of the audio podcast lectures; however, 100% of the students responded 
that they felt that “it is a valuable resource to have available” to assist in their learning 
(Guertin et al, 2007, p.5).  The Penn State University students’ free-response comments 
paralleled those of the current ninth grade students at Calumet High School, which 
included, “You never know when you are going to need to hear it again; they were 
always helpful” and  “It’s nice to have that they’re a ‘safety net’.  I don’t always get 
things the first time, so it’s a nice option to have” (Guertin et al, 2007, p. 5-6). 
 
What does the Technology Survey Say about Helpfulness of Each 
Technological Intervention?  Both subgroups (non-aggressive and aggressive) found 
the teacher’s communications helpful.  Seventy-seven of 81 students (95.1%) responded 
(agree and somewhat agree) in both subgroups that the teacher’s email communications 
were helpful (Table 26).  I started this intervention earlier in the current school year after 
a student commented on forgetting about a quiz.    The one-way reminders to students 
quickly lead to an efficient means of two-way communication at any point in the day.  I 
think it’s especially effective for shy or reserved students who may feel uncomfortable 
asking questions in class.  Now these students have a less invasive means of 
communicating.  It took a little time and effort to group each student’s email address for 
each class period; however, the positive responses from the students made it all 
worthwhile. 
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Fourteen of 81 students (non-aggressive and aggressive) typed comments 
pertaining to email communications on the technology survey.  Several students wrote 
positive testimonials, when given the opportunity (Appendix F).  One student wrote, 
“when he [teacher] emails me (us) I usually go to the web page within the five-ten 
minutes following and go over the quizzes/presentations again.”  Another said, “I love 
that I'm reminded about tests and quizzes over the weekends and weekdays.  So then I 
can study for them in advance.”  A third student stated, “it got me more motivated to 
study/finish my work.”  A fourth student without internet access at home pointed out, “if 
I actually got the emails at my home ahead of time it would be a great deal of help to me, 
but because I don't have access to Wi-Fi where I live.  I don't receive these at home, I 
instead get them all when I come to school.” 
Seventy-six of 81 students (93.8%) responded (agree and somewhat agree) that 
having access to the video interventions was helpful (Table 29).  Nineteen of 81 students 
typed comments pertaining to videos on the technology survey.  Several students wrote 
comments on how the videos helped them prepare for the posttest (Appendix F).  One 
student wrote, “they [videos] helped me study for tests and quizzes.”  A second student 
explained, “some [videos] were a little long but they definitely helped me learn better.”   
A third exclaimed, “[videos] gives a lot of information that is on the tests.  One student 
confessed, “I only watched one, but even that worked.”  A professor in a university 
setting found his students had similar sentiments about educational videos. 
Dr. Cann found his biological science students accessed an “average 1.75 
downloads per student per video [lecture]” which was “five times the response rate” for 
his audio podcast lectures (Cann, 2007, p. 2).  In a 12 student focus group, Cann found 
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there was a “positive reception for the video format in comparison to the audio podcasts.  
9/12 (75%) of students had watched one or more of the videos (c.f. 9% for the podcasts).  
11/12 (92%) had watched an online video clip” (Cann, 2007, p. 2).  Students in the focus 
group commented that the videos were “much better than the podcasts" and "I prefer the 
videos to your lecture” (Cann, 2007, p. 2). 
Current students were just as upbeat toward the PowerPoint presentations as they 
were with the videos.  Seventy-six of 81 students (93.8%) responded (agree and 
somewhat agree) that having access to the PowerPoint presentations was helpful (Table 
28).  Only 1 of the 81 students (1.2%), who did not access any of the PowerPoint 
presentations, felt that they were not helpful (disagree). 
Fifteen of 81 students typed comments pertaining to PowerPoint presentations on 
the technology survey (Appendix F).  The PowerPoint presentations received a large 
number of student accolades.  One student exclaimed,” I really like these! They're very 
helpful!”  Others stated they “use them before [the] test!” and that the PowerPoint 
presentations are “very nice for studying and making flash cards based off them.”  
Another student mentioned, “Every once in a while I will go through all of them again for 
a review.”  While my students were praising the PowerPoint presentations, they were not 
as enthusiastic about the audio podcasts. 
Though few students utilized the audio podcasts, students still thought this 
intervention was helpful and wanted it available as a resource for the class.  Fifty-eight of 
81 students (73.6%) responded (agree and somewhat agree) that having access to the 
audio podcast interventions was helpful (Table 29).      
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Twenty-two of 81 students typed comments pertaining to audio podcasts on the 
technology survey (Appendix F).  Several students remarked more negatively to the 
audio podcasts compared to the other interventions.  One student made an interesting 
remark, “it was good because I learned the curriculum but in a funny way.”  Another 
student tried to explain how audio podcasts could be useful to others, “I think if you’re 
one of them people that learn from listening it is good.”  Other students explained that the 
other interventions were more helpful in learning the curriculum, “I think the videos or 
PowerPoints would be better than podcasts” and “easier to watch [videos] or else read 
[PowerPoint presentations].”  One student bluntly explained, “I don’t think people want 
to listen to podcasts.” 
 
What does the Technology Survey Say about the Curriculum Goals and the 
Helpfulness of Technological Interventions?   
For the first curriculum goal, 73 of 81 students (91.1%) responded (agree and 
somewhat agree) that the technological resources were helpful in strengthening student 
comprehension of the earth science and chemistry information (Table 30).  Twelve of 81 
students typed remarks about the helpfulness of the interventions on the technology 
survey.  Student comments on the technology survey included those who admitted “I had 
to look at them a couple times to understand something” and “I didn't watch all of them” 
(Appendix F).  One student stated, “Sometimes I can't remember what I review but most 
of the time it helps to look at the presentations, etc.” Another acknowledged, “I 
understood it more than I thought I would with these videos.” 
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For the second curriculum goal, 75 of 81 students (92.6%) responded (agree and 
somewhat agree) the technological resources were helpful in clarifying misconceptions or 
things that students were confused about in the earth science and chemistry unit (Table 
31).  Ten of 81 students typed comments on technology survey about the helpfulness of 
the interventions in clarifying misconceptions (Appendix F).   A few students described 
how the technology interventions were helpful.  One student explained how the resources 
“helped me with tests,” and another cited a specific example, “especially on the half-life 
power pt.”  A third person described another instance, “I remember one specific time 
when I had to look up a problem on the Power Points and it helped me.” 
For the third curriculum goal, 66 of 81 students (81.5%) responded (agree and 
somewhat agree) that the technological resources focusing on historical figures and 
modern scientists helped students see that science was an active process with many goals 
and differing paths (Table 32).  Six of 81 students typed comments, regarding this 
question, on the technology survey.  A few students wrote comments about this question 
(Appendix F).  One student explained “Kinda knew that anyway. Would probably be 
helpful to others, though.”  Another student wrote, “I agree with most of these, yet I 
rarely used the resources. Still helpful though.” 
For the fourth curriculum goal, 64 of 81 students (79%) responded (agree and 
somewhat agree) when asked if what they were learning in the science class may be 
helpful in their future career (Table 33).  Eleven of 81 students typed comments to this 
question on the technology survey.  Several students were convinced that the science 
curriculum was beneficial to their future careers.  One student stated confidently, “No 
doubt in my mind”. Another student exclaimed, “I learned more in this class than any 
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other science class I had yet.”  Other students alluded to the possibilities that they, “might 
go into something science related” and “I have been considering something in the 
medical field lately so I might be learning something useful.” Others explained the 
uncertainty of high school students with statements like they, “might go into something 




What Problems Occurred? 
Problems During Study.  The two snow days that occurred during the first of the 
study disrupted the curriculum time line.  With two fewer days of instruction, the depth to 
which student learned the content may have been adversely affected.   
The number of special education students in each treatment subgroup (aggressive 
and non-aggressive) could have influenced the posttest grades.  Even though the mean 
posttest grade was the same for both subgroups (D, 1.8, Table 21), I remembered that, 
“being in the treatment or control group is only one reason for score variability” or 
similar scores (Shaver, 1985b, p. 140).   The non-aggressive treatment group only had 
two special needs students (2.5%), while the aggressive treatment group had eight special 
needs students (9.9%) (Appendix D).  Based on my years of teaching at Calumet, special 
needs students typically have lower formative assessment grades.   
The time of the day that the class periods met may have influenced the afternoon 
subgroup (aggressive) achievement on the posttest.  Only the aggressive subgroup (4th 
and 5th periods) had posttest items with a negative mean effect size, including item #5 (-
0.21, 4th period), #12 (-0.26, 5th period), #33 (-0.25, 5th period), #43 (-0.23, 5th period) 
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(Table 12).  Students in the afternoon classes, may have been more “wound up” after 
lunch or fatigued toward the end of the school day.  The instructor may have relayed 
specific information to the morning classes (non-aggressive subgroup), but mistakenly 
forget to mention it to the afternoon classes (aggressive subgroup).  If I were to do this 
study again, I would select one morning and afternoon class for each subgroup to 
eliminate this potential influence on the results.   
When evaluating student responses on the technology survey, a question surfaced 
that needed an answer.  If students did not use a specific intervention (e.g. audio podcast), 
can they “agree” that the intervention was helpful?  For example, question 17 stated, “It 
is helpful that Mr. Heflin put podcasts (audio only) covering the chemistry lessons and 
curriculum on his school webpage”.  Similar phrasing was used for questions accessing 
videos and PowerPoints presentations.   
It is my hypothesis that students believe it is helpful to have these interventions, 
but don't always use them.  As a comparison, students know that spinach is important 
(helpful) to a healthy diet, but they might not always eat it.  When students selected 
"agree” and “somewhat agree" it is evidence that the students want these interventions 
available.  Similar findings indicated that students did not always use the technology 
interventions, but a high percentage (over 80%) wanted to have these interventions 
available (Cann, 2007; Guertin, 2007; Read, 2005).  If an administer or school board is 
deciding to introduce or keep these technology interventions, I believe this data should be 
available.   
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Potential Validity Issues.  The results of this study may contain some inherent 
sources of error.  Students in the treatment group may be influenced by the study’s 
“novelty; awareness that one is a participant in an experiment; and … special procedures 
and new patterns of social interaction…” (Isaac & Michael, 1995, p. 91).  Furthermore, it 
is possible that student data could have been affected by “a non-treatment driven effect”, 
such as simply participating in a study associated with Michigan Technology University 
(McCarney et. al., 2007, p. 7). 
 
Suggestions for Improvement? 
First, the biggest improvement I wanted to make before or during the study, 
ironically, did not occur until a month after completing the study.  That was when the 
Calumet technology committee introduced a new iPad application ExplainEverything® 
that allowed teachers to create their own videos.  
I now use PowerPoint presentations, with as many colorful pictures and diagrams 
as possible, to help students visualize the information.  Next, I overlay my [audio] 
explanations and write annotations on each of the slides.  Each video includes an 
introduction and conclusion slide summarizing the main topics discussed during the 
video.  I relate new information on the video to previous curriculum objectives.  At the 
end of my videos, I ask students if they could explain these concepts to another student.  
If not, they need to review the parts of the video that are unclear. 
Second, limit the length of videos to 10-15 minutes.  This is the current rule of 
thumb – videos should be approximately equal in length to the age of your students.  One 
of my previous administrators told me, “Students’ brains can only absorb what their bum 
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(butt) can endure” (Horton, 2005b).  What she was alluding to was that students should 
actively engage in their learning, not just sitting there “like bumps on a log” (Horton, 
2005b). 
 
Recommendations.   
During my study, I compared entire classes within one academic school year and 
with classes from prior years to ascertain differences.  A refinement would be to actually 
match individual students within classes on all demographics.  In this way, only students 
with matched demographics would be compared and would make up the core subjects 
during the study.  Other unmatched students would participate in the study, but would not 
be included in the comparisons.   
Another alteration to the study would be to only focus on one type of 
technological intervention, such as videos.  It would be beneficial for teachers to have 
research data that quantitates the effectiveness of each individual intervention.    Another 
possibility would be for other educators to repeat my study and “if the results are 
replicated by other research, your confidence grows that the results are real” (Bracey, 
2000, p. 60). 
“Replications are not very common in educational research” and “maybe that’s 
another reason that educational research has not been very helpful to school people” 
(Shaver, 1985a, p. 60).  Science teachers instruct students on the scientific method and 
the need for scientists to repeat experiments for increased reliability.  However, it occurs 
infrequently in education.  “If the same research were carried out by others, with no 
reason to suspect the same design flaws from one study to the next, and the results were 
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consistent with mine, then I’d certainly have a lot more confidence that my results could 
be relied on” (Shaver, 1985a, p. 60).  As educators, we look for ways to validate what we 
are doing in our classroom and strive to make connections with our students. 
I encourage all educators to look for ways to increase communication with their 
students.  It can be as simple as emailing reminders about an upcoming quiz, a link to a 
local newspaper article, or an interactive webpage.  Teachers are now “tweeting” 
(Twitter®) or connecting with students on Facebook®.  There are iPad applications (i.e. 
Remind101®) that allow teachers to safely communicate a text message to students and 
parents, without either party having the cell phone number of the other.  No matter what 
form it takes, communication is a positive tool for educators.  However, this is not the 
only way teachers can feel more connected to their students and the world at large.   
Using Google Analytics helped to reinforce for me the idea that teachers are not 
only connected to our students, but to the larger notion of learning communities.  I 
encourage any teacher with a webpage to install Google Analytics®.  Teachers, like me, 
often talk to their students about living in a global society, but is easy to feel isolated in 
our own individual classrooms.  Teachers can quantitate exactly how many people are 
actually using their webpages and where (city, state, and country) the visitor originates.  
Technology has the ability to amaze us, but it also can be the source of much frustration 
if you rush into it blind. 
 From my own experience, it is imperative that teachers plan and reflect on how 
they will use new technology interventions in their classroom, before they implement it.  
Technology is not a simple fix for low grades and motivation.  It is a tool like everything 
else.  There is no “magic bullet” or perfect teaching technique.  Intense technology use, 
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like a blended classroom, may work well for some teachers and disciplines, but it is not 
and should not be for everyone.   
Even with modern technology, such as videos, the teacher still needs to be the 
core facilitator of the curriculum.  I encourage teachers to model the approach students 
should take when viewing new material.  Whether it's reading a chapter from a textbook 
or watching a video, I create outlines and questions to help students target the main 
concepts.  I recommend that teachers go through a sample [introductory] video with the 
students, with everyone taking notes or completing an outline.  Afterwards, the teacher 
should compare their notes with students.  The teacher should explain and demonstrate 
exactly how to dissect the information and their expectations to the students.   
Technology will not make life easier for educators.  I am spending more time 
working on curriculum than ever before.  It can take hours to outline, setup, record, edit, 
and upload one 15 minute video.  Technology can be overwhelming.  It seems to be 
evolving exponentially with over a million iPad applications, YouTube videos, and 
webpages with no end in sight.  That being said, I do believe technology is here to stay 
and can be an effective means for teaching our students.  Begin with the first step.  Start 
with one technology intervention and learn to do it well.    
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Appendix A - Pretest and Posttest Measurement Instrument 
This appendix contains the assessment that served as the pretest and posttest 
during the study.  The following are also included in this appendix: the assessment 
answer sheet, the assessment answer key, and the grading rubric. 
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Physical Science Test 
Properties of Matter & Changes in Matter 
Multiple Choice: Identify the letter of the choice that best answers the question: 	   ____	   1.	  Which	  of	  the	  following	  has	  no	  definite	  volume	  and	  no	  definite	  shape?	  a.	   solid	   c.	   gas	  b.	   liquid	   d.	   plasma	  	  ____	   2.	  An	  atom	  contains	  ____	  in	  various	  chemistry	  levels.	  a.	   neutrons	   c.	   electrons	  b.	   protons	   d.	   ions	  	  ____	   3.	  List	  the	  phases	  in	  order	  from	  the	  lowest	  kinetic	  chemistry	  to	  the	  phase	  with	  the	  highest	  kinetic	  chemistry.	  a.	   Gas-­‐Liquid-­‐Solid	   c.	   Solid-­‐Liquid-­‐Gas	  b.	   Liquid-­‐Solid-­‐Gas	   d.	   Gas-­‐Solid-­‐Liquid	  	  ____	   4.	  Al	  and	  Cu	  are	  symbols	  for:	  a.	   metal	  compounds.	   c.	   nonmetal	  compounds.	  b.	   metal	  elements.	   d.	   nonmetal	  compounds.	  	  ____	   5.	  	  An	  example	  of	  a	  physical	  change	  is	  the	  a.	   rust	  on	  a	  garden	  tool.	   c.	   change	  in	  the	  color	  of	  leaves.	  b.	   boiling	  a	  pot	  of	  liquid	  water.	   d.	   process	  called	  photosynthesis.	  	  ____	   6.	  A	  solution	  (salt	  +	  sugar	  +	  water)	  is	  a	  a.	   type	  of	  compound.	   c.	   homogeneous	  mixture.	  b.	   heterogeneous	  mixture.	   d.	   type	  of	  molecule.	  	  ____	   7.	  In	  general,	  when	  elements	  combine	  chemically,	  a.	   they	  retain	  their	  original	  properties.	   c.	   new	  substances	  with	  new	  properties.	  b.	   a	  mixture	  results.	   d.	   solutions	  are	  formed.	  	  ____	   8.	  	  A	  measure	  of	  how	  a	  metal	  can	  be	  hammered	  into	  sheets.	  	  It	  can	  also	  measure	  a	  metal’s	  flexibility.	  a.	   hardness.	  	  	  	   c.	   tensile	  strength.	  	  	  	  b.	   brittleness.	  	  	  	   d.	   malleability.	  	   ____	   9.	  An	  example	  of	  a	  chemical	  property	  is	  a.	   the	  ability	  to	  sublime.	   c.	   the	  ability	  to	  rust.	  b.	   the	  ability	  to	  change	  shape.	   d.	   the	  ability	  to	  change	  color.	  	   ____	   10.	  Which	  is	  not	  a	  characteristic	  of	  a	  metal?	  a.	   ductile	   c.	   found	  on	  the	  far	  right	  of	  the	  periodic	  table	  b.	   High	  tensile	  strength.	  	  	  	   d.	   good	  conductor	  of	  heat	  and	  electricity	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____	   11.	  An	  element	  has	  9	  protons,	  9	  electrons,	  and	  10	  neutrons.	  	  What	  is	  the	  element?	  a.	   Fluorine	   	   c.	   Potassium	  	  b.	   Argon	   d.	   Nickel	  	  	  ____	  	  12.	  When	  poured	  into	  water,	  glycerol	  (also	  a	  liquid)	  falls	  to	  the	  bottom	  of	  the	  beaker.	  Which	  of	  the	  following	  is	  a	  true	  statement?	  a.	   The	  water	  is	  more	  dense	  than	  the	  glycerol.	  	  	  	   c.	   An	  object	  that	  floats	  in	  glycerol	  will	  	  always	  float	  in	  water.	  	  	  	  b.	   An	  object	  that	  floats	  in	  water	  will	  always	  float	  in	  glycerol.	  	  	  	   d.	   The	  glycerol	  is	  less	  dense	  than	  water.	  	  
____ 13. You are a scientist and have collected 100 grams of a radioactive substance (parent 
sample).   You know that this particular substance has a half-life of 20 years.  How much of the 
original, radioactive parent sample will be left after 40 years? a.	   100	  grams	   c.	   25	  grams	  b.	   50	  grams	   d.	   12.5	  grams	  	   ___	  	  14.	   The	  atomic	  number	  of	  an	  element	  indicates	  the:	  a.	   sum	  of	  protons	  plus	  neutrons.	   	   	   c.	   number	  of	  protons.	  b.	   sum	  of	  protons	  plus	  electrons.	   d.	   number	  of	  neutrons.	  	   ____	  	  15.	  Which	  of	  the	  following	  is	  true	  for	  valence	  electrons?	  a.	   Valence	  electrons	  are	  always	  located	  in	  the	  innermost	  chemistry	  level.	  b.	   Valence	  electrons	  may	  be	  lost	  or	  gained	  by	  an	  atom	  when	  bonding	  occurs.	  c.	   Each	  element	  in	  the	  periodic	  table	  has	  a	  different	  number	  of	  valence	  electrons.	  d.	   Valence	  electrons	  are	  found	  only	  in	  radioactive	  isotopes.	  	   	   ____	  	  16.	  Elements	  in	  the	  same	  period	  or	  row	  of	  the	  periodic	  table	  have	  the	  a.	   same	  atomic	  number.	   	   	   c.	   same	  number	  of	  valence	  electrons.	  b.	   same	  atomic	  mass.	   d.	   same	  number	  of	  chemistry	  levels.	  	   ____	  	  17.	  Which	  of	  the	  following	  is	  TRUE?	  Covalent	  bonding	  occurs:	  a.	   in	  salts	  like	  NaCl.	   c.	   only	  when	  electrons	  are	  shared	  between	  	  two	  identical	  ions.	  b.	   when	  electrons	  are	  shared	  between	  2	  atoms.	   d.	   when	  electrons	  are	  transferred	  from	  	  one	  atom	  to	  another.	  	   ____	  18.	  When	  an	  atom	  gains	  or	  losses	  electrons,	  it	  has	  an	  electrical	  charge.	  It	  is	  known	  as:	  a.	   an	  ion.	   c.	   an	  isotope.	  b.	   a	  free	  radical.	   d.	   a	  monatomic	  molecule.	  	   ____	   19.	   Elements	  on	  the	  far	  right	  side	  of	  the	  periodic	  table	  (family	  18)	  tend	  to	  be	  a.	   inactive	  solids	  (metals).	   c.	   inactive	  gases	  (nonmetals).	  b.	   active	  solids	  (metals).	   d.	   active	  gases	  (nonmetals).	  	   	  ____	   20.	  Almost	  all	  of	  the	  MASS	  of	  an	  atom	  is	  found:	   	  a.	   outside	  the	  nucleus	   	   	   c.	   in	  the	  electron	  cloud	  b.	   inside	  the	  nucleus	   	   d.	   in	  the	  chemistry	  levels	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   ____	  21.	  Which	  statement	  is	  TRUE	  about	  elements	  in	  group	  16	  (group	  6)?	  a.	   They	  have	  an	  oxidation	  number	  of	  1-­‐.	   c.	  They	  have	  2	  valence	  electrons.	  b.	   They	  have	  an	  oxidation	  number	  of	  2+.	   d.	  They	  need	  2	  electrons	  to	  complete	  their	  octet.	  	   	  ____	  22.	  The	  correct	  name	  for	  the	  compound	  formed	  by	  combining	  oxygen	  with	  aluminum	  is:	  a.	   Oxygen	  aluminate.	   	   	   c.	   Aluminum	  oxide	  b.	   Oxygen	  aluminide	   d.	   Aluminum	  oxate	  	  ____	  23.	  Most	  of	  the	  elements	  on	  the	  periodic	  table	  are:	  a.	   nonmetals.	   	   	   c.	   rare-­‐earth	  elements.	  b.	   metals.	   d.	   liquids.	  	  ____	  24.	  Sodium	  forms	  an	  ionic	  bond	  with	  chlorine	  when	  sodium	  ____	  an	  electron	  and	  	  	   	   chlorine	  ____	  an	  electron.	  a.	   shares,	  shares	   	   c.	   gains,	  loses	  b.	   loses,	  gains	   d.	   loses,	  loses	  	  ____	  25.	  Elements	  in	  the	  same	  family	  of	  the	  periodic	  table	  a.	   have	  unrelated	  properties.	   c.	   have	  the	  same	  number	  of	  valence	  electrons.	  b.	   always	  keep	  their	  cool.	   d.	   always	  occur	  in	  the	  same	  phase.	  	  ____	  26.	  The	  ____	  is	  one	  kind	  of	  particle	  that	  makes	  up	  the	  atom	  and	  carries	  a	  positive	  charge.	  a.	   electron	  	   	   c.	   neutron	  	  	  	  b.	   	  proton	   	   d.	   positron	  	  ____	  27.	  If	  Carbon	  has	  an	  atomic	  number	  of	  6	  &	  atomic	  mass	  number	  of	  13.	  The	  total	  number	  of	  PROTONS	  is:	  a.	   19	   	   c.	   12	  	  	  b.	   	  13	  	  	   d.	   6	  	  ____	  	  	  28.	  Which	  statement	  best	  explains	  why	  atoms	  form	  chemical	  bonds	  with	  other	  atoms?	  a.	  a.	   Most	  atoms	  are	  less	  stable	  when	  they	  combine	  with	  other	  atoms.	  b.	   When	  atoms	  collide	  with	  other	  atoms,	  they	  bond	  automatically.	  c.	   Atoms	  are	  always	  attracted	  to	  other	  atoms.	  d.	   Most	  atoms	  are	  unstable	  unless	  they	  are	  combined	  with	  other	  atoms.	  	  ____	  29.	  Moving	  left	  to	  right	  across	  a	  period,	  the	  number	  of	  valence	  electrons	  of	  the	  atoms	  a.	   increases	  steadily.	   c.	   increases	  and	  then	  decreases.	  b.	   	  decreases	  steadily.	   d.	   remains	  the	  same.	  	  ____	  30.	  If	  Lithium	  has	  an	  atomic	  number	  of	  3	  &	  atomic	  mass	  number	  of	  7.	  	  	   	   The	  total	  number	  of	  NEUTRONS	  is:	  a.	   3	   c.	   7	  b.	   4	   d.	   10	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  ____	  31.	  As	  a	  scientist	  you	  are	  trying	  to	  determine	  the	  approximate	  age	  of	  a	  seemingly	  very	  	  old	  tree.	  	  Which	  of	  the	  following	  isotopes	  would	  you	  test	  for	  and	  why?	  a.	   C-­‐14	  because	  it	  has	  a	  half-­‐life	  of	  5730	  years	  and	  can	  tell	  the	  general	  age	  of	  an	  inorganic	  sample	  (non-­‐living)	  up	  to	  50,000	  years	  old.	  	   c.	   U-­‐238	  because	  it	  has	  a	  half-­‐life	  of	  4.5	  billion	  years	  and	  can	  tell	  the	  general	  age	  of	  inorganic	  sample	  (non-­‐living)	  when	  the	  Earth	  was	  foamed.	  	  b.	   C-­‐14	  because	  it	  has	  a	  half-­‐life	  of	  5730	  years	  and	  can	  tell	  the	  general	  age	  of	  an	  organic	  sample	  (dead	  or	  alive)	  up	  to	  50,000	  years	  old.	  
d.	   U-­‐238	  because	  it	  has	  a	  half-­‐life	  of	  4.5	  billion	  years	  and	  can	  tell	  the	  general	  age	  of	  an	  organic	  sample	  (dead	  or	  alive)	  when	  the	  Earth	  was	  foamed.	  	  32-­‐33	  Match	  the	  piece	  of	  laboratory	  equipment	  with	  its	  use.	  	  	  	  	  	  A.	  graduated	  cylinder	   C.	  mortar	  and	  pestle	   	   	   E.	  digital	  scale	  B.	  	  Erlenmeyer	  flask	   	   D.	  beaker	   	   	   F.	  test	  tube	  
	  	  32.	  Used	  to	  measure	  the	  mass	  of	  a	  substance.	  	  	  33.	  Good	  for	  mixing	  chemicals	  and	  doing	  experiments;	  is	  not	  graduated,	  and	  not	  usually	  used	  for	  measuring.	  
Match	  each	  part	  of	  the	  atom	  with	  its	  identity	  from	  the	  list	  below.	  	  34.	   neutron	  35.	   nucleus	  36.	   electron	  orbital	   	  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	  	  	  Matching:	  Match	  the	  following	  terms	  with	  the	  correct	  definition.	  	  
	   a.	   isotope	  b.	   polyatomic	  ions	  c.	   covalent	  bond	  d.	   Lewis	  dot	  diagram	  e.	   ions	  f.	   ionic	  compounds	  	  ____	   37.	   Nonmetal	  chemically	  bonded	  with	  another	  nonmetal	  (examples:	  O2,	  N2,	  Cl2)	  	   	   	  ____	   38.	   Atoms	  which	  have	  gained	  or	  lost	  valence	  electrons	  (examples	  Na+	  or	  Cl-­‐	  )	  	   	  ____	   39.	   A	  means	  to	  show	  an	  element’s	  symbol	  and	  an	  element’s	  valence	  electrons	  	   	  ____	   40.	   Atoms	  which	  have	  gained	  or	  lost	  neutrons.	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For	  Questions	  41	  -­42	  use	  the	  information	  below.	  	  
For unknown objects A, B, and C  a student measured the length (centimeters) with a metric  
ruler, the mass (grams) with a digital scale, and found the volume (cm3) indirectly using a 
graduated cylinder.   The student then calculated the density for the 3 objects.  The student’s data 
 is given below.  The student then compared these unknown objects A, B, and C to known 
 samples with their densities. 
 
 
____ 41. The three unknowns are Acrylic, Phenolic and Acetyl.  However, the unknown 
materials are not labeled.  The task is to use your measured densities to identify each of the 
unknowns.  Given the above information, do we know that Unknown C is Phenolic? 
a. Yes, Unknown A’s density is very close to 
Acetyl’s known density and Unknown  B’s 
density is exactly that of Acrylic’s known 
density. 
c. Not likely, Unknown A’s density is not 
very close to Acetyl’s known density and 
Unknown  B’s density is not exactly that 
of Acrylic’s known density. 
b. Most likely, Unknown A’s density is close to 
Acetyl’s known density and Unknown  B’s 
density is very close to Acrylic’s known 
density. 
d. No, Unknown A’s density is not very 
close to Acetyl’s known density and 
Unknown  B’s density is not exactly that 
of Acrylic’s known density. 
 
____ 42. Which of the following could account for possible sources of density measurement  
error during the experiment? 
a. The triple beam balance was not properly 
aligned. 
c. The unknown object’s mass was divided 
by its volume. 
b.  The unknown object’s length was not 
measured accurately with the metric ruler. 
d. Water splashed out of the graduated 
cylinder when the unknown objects were 
inserted/dropped. 
 
____ 43. Examine the following diagram.  Determine if there is a problem measuring the 
length of the Unknown Object X (blue object). 
 
a. Yes there is a problem, the ruler is not 
correctly measuring inches. 
c. Yes there is a problem, the unknown 
object is not being measured from the 
zero mark. 
b.  Yes there is a problem, the ruler is 
measuring millimeters (mm), which cannot 
be converted into centimeters (cm) 
d. No there is not a problem with this 
measurement setup. 
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Physical Science Test   Name: 
Properties of Matter & Changes in Matter Class Period: 
Answer Sheet    Test Number: 	  
* Reminder for Problems 44-47 = 3 points each 
	   	   	  








45.	  Explain	  the	  differences	  between	  a	  physical	  change	  vs.	  	  






46.	  a)	  	  What	  is	  an	  isotope?	  	  	  
	  
	  
b)	  How	  is	  a	  positive	  ion	  formed?	  Give	  an	  	  example:	  
	  
	  
c)	  How	  is	  a	  negative	  ion	  formed?	  Give	  an	  	  example:	  
	  
	  
47.	  Draw	  a	  Bohr	  diagram	  of	  a	  Beryllium	  (Be)	  atom.	  	  	  
Write	  the	  number	  of	  protons,	  neutrons,	  electrons,	  atomic	  
number,	  and	  atomic	  mass.	  	  
Use	  the	  key	  below	  for	  each	  particle	  in	  your	  
diagram(proton	  =	  P).	  
	  Atomic	  Mass:	  Atomic	  Number:	  Protons	  (P):	  Electrons	  (E):	  Neutrons	  (N):
 A B C D 
1         
2         
3         
4         
5         
6         
7         
8         
9         
10         
11         
12         
13         
14         
15         
16         
17         
18         
19         
20         
21         
22         
23         
24         
25         
26         
27         
28         
29         
30         E F 
31       
32           
33           
34           
35       
36       
37       
38       
39       
40       
41       
42       
43       
 A B C D E F 
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Pretest and Posttest Answer Key 
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Preferred Answers for Short Answer Questions 44 - 47  	  
44.Compare3-­4	  differences	  between	  metals	  &nonmetals.	  
	  
Rubric:	  Each	  answer	  will	  score	  ½	  point	  =	  max	  1.5	  points	  for	  metal	  and	  1.5	  for	  nonmetal	  
answers	  for	  a	  maximum	  of	  3	  points	  
	  
Metals	   Nonmetals	  
Almost	  all	  are	  solid	  (phase	  or	  
state)	  
Solids,	  liquids,	  and	  gases	  
(phase	  or	  state)	  
Good	  conductors	  of	  heat	  &	  
electricity	  
Not	  good	  conductors	  of	  heat	  &	  
electricity	  or	  good	  insulators	  
Loss	  valence	  electrons	  when	  
bonding	  
Gain	  or	  share	  valence	  electrons	  
when	  bonding	  
Have	  a	  positive	  (+)	  oxidation	  
number	  (+1,+2,	  or	  +3)	  
Most	  have	  a	  negative	  (-­)	  
oxidation	  number	  (-­1,-­2,	  or	  -­3)	  
General	  properties:	  high	  luster	  
or	  shine,	  malleable,	  ductile	  
General	  properties:	  no	  luster,	  
not	  malleable,	  not	  ductile	  
	  
	  
45.	  Explain	  the	  differences	  between	  a	  physical	  change	  vs.	  	  
chemical	  change.	  	  Give	  an	  examples	  of	  each:	  
	  
Rubric:	  Each	  answer	  will	  score	  1	  point	  =	  max	  1	  point	  for	  physical	  change	  +	  ½	  point	  for	  the	  
example	  and	  1	  for	  chemical	  change	  +	  ½	  point	  for	  the	  example;	  maximum	  of	  3	  points	  
Physical	  Change	   Chemical	  Change	  
 A change in the phase/state of 
matter 
Example: Liquid water changes 
into ice (solid water) 
A change in the chemical bonds of 
the substances 
Example: Iron rusting, egg 
rotting, paper burning 
The appearance changes of the 
substance, but it is still the same 
substance/material 
Example: Paper is ripped into 
smaller pieces – it is still paper 
One substance is changed into a 
different substance/material 
Example: Baking a cake 
One substance is dissolved into 
anther substance, which creates 
a mixture 
Example: Sugar (solute) is 
dissolved in water (solvent) 
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46.	  a)	  	  What	  is	  an	  isotope?	  	  	  
Rubric:	  1	  	  point	  for	  the	  correct	  definition	  
An	  atom	  that	  has	  the	  same	  number	  of	  protons	  as	  the	  typical	  element	  (H	  =	  1	  proton)	  ,	  but	  a	  
different	  number	  of	  neutrons	  (H	  isotope	  =	  2	  neutrons,	  instead	  of	  zero).	  
	  
b)	  How	  is	  a	  positive	  ion	  formed?	  Give	  an	  example:	  
Rubric:	  ½	  	  point	  for	  the	  correct	  definition	  +	  ½	  point	  for	  the	  example	  	  
	  
An	  atom	  (metal)	  losses	  one	  or	  more	  valence	  electrons.	  	  It	  now	  has	  more	  positive	  protons	  than	  
negative	  electrons	  –	  e.g.	  Na+	  
	  
c)	  How	  is	  a	  negative	  ion	  formed?	  	  Give	  an	  example:	  
Rubric:	  ½	  	  point	  for	  the	  correct	  definition	  +	  ½	  point	  for	  the	  example	  	  
	  
An	  atom	  (nonmetal)	  that	  gains	  one	  or	  more	  valence	  electrons.	  	  It	  now	  has	  more	  negative	  
electrons	  than	  positive	  protons	  –	  e.g.	  F-­	  
	  
47.	  Draw	  a	  Bohr	  diagram	  of	  a	  Beryllium	  (Be)	  atom.	  	  Write	  the	  number	  of	  protons,	  neutrons,	  
electrons,	  atomic	  number,	  and	  atomic	  mass.	  	  	  Use	  the	  	  key	  below	  for	  each	  particle	  in	  your	  
diagram(proton	  =	  P).	  	  
	  
Rubric:	  1	  point	  for	  the	  correct	  numbers	  listed	  below	  
2	  points	  for	  a	  correctly	  drawn	  Bohr	  diagram	  
	  Atomic	  Mass:	   	  9	  Atomic	  Number:	  4	  Protons	  (P):	   4	  Electrons	  (E):	   4	  Neutrons	  (N):	   5	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Appendix B - Instructional Materials 
This appendix contains images of the lesson plan display and instructional 
materials for the study.  The PowerPoint® presentations include the chapter 19 notes 
(reading guides 1, 2, and 3), the addendum notes (half-life) and the review.  The atomic 
model project assignment and rubric with pictures demonstrating a three-dimensional 
model and poster are also included.  Examples of the white board activity are displayed in 
this appendix.  The samples of mini-quizzes and element quizzes demonstrate the 
formative assessments. 
 
Lesson Plans Displayed on the Front White Board - Week Four of Study 	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PowerPoint® Presentations 
Presentation: Chapter 19 Notes Part 1 of 3 (Reading Guide 1) 	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Presentation: Chapter 19 Notes Part 2 of 3 (Reading Guide 2) 	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Presentation: Chapter 19 Notes Part 3 of 3 (Reading Guide 3) 
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  129	  
Presentation: Chapter 19 Addendum Notes - Half-Life and Radioactive Decay 	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Presentation: Chapter 19 Review 
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  135	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Atomic Model Project Examples – Model and Poster Note:	  not	  the	  same	  element	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Chemistry Mini-Quiz 	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Elements Quiz  
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Appendix C - Intervention Materials 
 
This appendix contains the main topics, objectives, and technological 
interventions displayed on the teacher’s webpage.  A list of all the documents that could 
be accessed and downloaded from bottom of the webpage is included.  The 
communication log between teacher and student can be found at the end of the appendix. 
 
Teacher’s Physical Science Webpage – Objectives and Resources 
Chapter 19: Molecules & Compounds Webpage 
  
The main topics for this chapter 19: 
1. Chemical Bonds 
2.  Chemical Formulas 
3.  Comparing Molecules 
  
Objectives for chapter 19: 
1.       Relate the chemical behavior of an element, including bonding, to its placement on 
the periodic table. 
2.       Explain how elements form chemical bonds and the identify the role of elements in 
bonding. 
3.       Predict the chemical formulas of compounds made up of two different elements. 
4.       Write chemical formulas for compounds made up of many different types of 
elements. 
5.       Calculate the formula mass of a compound and compare different compounds based 
on their formula mass. 
6.       Given a chemical formulas, identify the number of elements, atoms, molecules, and 
compounds. 
    
 
Dynamic Periodic Table: Interactive webpage that will help you identify characteristics, patterns, 
and trends on the Periodic Table - families, metalloids, etc.  You can also adjust the temperature 
scale and see the state/phase of matter change.  http://www.ptable.com/ 
 
 VIDEOS: The following are a few videos that help to explain chemistry.  These would be very 
valuable to review for comprehension, correcting misconceptions, and ultimately your success in 
science and in life.  I have arranged the videos the order that they should be viewed - starting 
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Basics of Chemistry (6 minutes) - A nice overview of chemistry, including atoms, periodic table, 
atomic mass, and atomic number. 
http://www.youtube.com/watch?v=d8VWbv4I_js&feature=related 
  
Properties of Matter: A great review of different types of matter, substances vs. 




Properties of Matter - Song: A catchy song to help you remember the differences 
between physical and chemical properties of matter (3 minutes) 
http://www.youtube.com/watch?v=uJOGy0dgmUU 
  
Atoms and Elements: A great overview of atoms, atom structure, subatomic 
particles (P,E,N), electron configuration (electron arrangement: different names 
include - electron cloud, energy level, electron ring, electron shell, electron 













Chemical Bonding: This video walks you through how atoms create bonds and from 
compounds (10 minutes - Educator.com Video) 
http://www.youtube.com/watch?v=LDmM0soNXac 
  
Chemical Bonding II: A nice overview (10 minutes - Educator.com Video) 
http://www.youtube.com/user/EducatorVids2#p/c/6/cbCcy4renOw 
   
 
Half Life of Radioactive atoms (elements) - Good resources to explain you 
visualize this challenging concept: 
Virtual demonstration of Half Life atoms - it reviews a parallel [alien] example to help 
explain the half-life of a radioactive atom. 
http://www.colorado.edu/physics/2000/isotopes/radioactive_decay3.html 
   A	  graphical	  demonstration	  of	  the	  Half	  Life	  of	  atoms	  http://www.colorado.edu/physics/2000/isotopes/radioactive_decay3.html	  
  
 
Podcasts (audio only) of Chemistry Topics: 
Subatomic Particles and Nuclear Structure (5	  minutes)	  
http://hatakappodcast.blogspot.com/search/label/Atomic%20Structure 
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Ionic Compounds (4 minutes) 
http://podcast.iu.edu/Portal/PodcastPage.aspx?podid=eeee7c2a-9357-41bc-bb93-9e37e51a86a3 
Physical Science Documents Displayed on Teacher’s Webpage 
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Written Communication Log 
Email – Friday 3-2-12 – All students (Periods 2, 3, 4, 5) 
As a friendly reminder, we should have around 15 minutes in class to finish the lab on 
Monday.  The labs will be due at the end of the day, so you could finish during King 
Time.  Based on my observations, there might be 2 groups who will NOT need to come 
to King Time today or Monday to work on the Lab.   
  
Also, the Chapter 19 Reading Guide 1 (green) is due Monday.   
  
We will finish the Chapter 19 Reading Guide 3 (white) Addendum Notes in class on 
Tuesday.  Again, you can review this power point on my Webpage – Chapter 19. 
  
Have a great weekend, 
Mr. Heflin 
 
Email – Sunday 3-11-12 – All students (Periods 2, 3, 4, 5) 
Good morning.   
  
You can now submit your Atomic Model Paper to Turn-it-in.com starting today.  
  
Remember, the paper should be standard MLA format (per your English Teacher) – 12 font, 
Times New Roman, 1 inch margins (top, bottom, & sides).  Given all the information you need to 
include, your paper should be two-four pages, plus a reference page. 
  





Email – Monday 3-12-12 – All students (Periods 2, 3, 4, 5) 
Greetings everyone, 
 
I have placed short Chemistry Videos on My Big Campus.  These videos are also listed 
on my CLK webpage along with other resources (i.e. Interactive Periodic Table). 
 
You should watch the first three videos by Friday (3-16-2011). 
 
Again, Chapter 19 is very challenging.  You will need to review the information often.  
Some of this material can be confusing, but you have to work hard and figure it out. 
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In class, please let me know if you have any questions and I can review specific items 






Monday 3-12-12 – Periods 4, 5: (Aggressive Treatment Group Only) 
Students in these periods, were instructed to connect to the teacher’s CLK webpage via 
their iPad tablets and look at the Chapter 19 resources.  The instructor showed the 
students the Interactive Periodic Table and pointed out the three videos they should watch 
by Friday(3-16-2011). 
 
Tuesday 3-13-2012; Wednesday 3-14-2012; Thursday 3-15-2012 – All students (Periods 
2-5) 
The following note was projected onto the front board: 
 
The Chemistry Videos are now on My Big Campus and my CLK webpage along with 
other resources (i.e. Interactive Periodic Table).  You should watch the first three videos 
by Friday(3-16-2011). 
 
Week 4 written communication: 
Email – Sunday 3-18-12 – All students (Periods 2, 3, 4, 5) 
Greetings all, 
  
I stayed up until 10 pm on Friday grading the Atomic Model Projects.  All the projects and 
assignments from last week are in Skyward and the grades are updated. 
  
Remember we have a MiniQuiz Tuesday and Thursday, plus the last Elements Quiz Wednesday. 
  
Remember the mnemonic (memorizing tool) for Diatomic Atoms = BrINCl HOF – a “German 
Hotel”.  These are the atoms that are always found as pairs in nature.  It’s like the buddy system. 
Example - Oxygen is always O2. 
  




Email – Monday 3-19-12 – All students (Periods 2, 3, 4, 5) 
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Hello there,  
A friendly reminder, the Chemistry Videos are on My Big Campus.  These videos are 
also listed on my CLK webpage along with other resources (i.e. Half-Life and 
Radioactive interactive webpages). 
 
By the end of the week you should have watched all of the videos (1-8). 
 
Again, Chapter 19 is very challenging.  You will need to review the information often.  
Some of this material can be confusing, but you have to work hard and figure it out. 
 
In class, please let me know if you have any questions and I can review specific items 






Monday 3-19-2012; Tuesday 3-20-2012; Wednesday 3-15-2012 – All students (Periods 
2-5) 
The following note was projected onto the front board: 
 
The Chemistry Videos are on My Big Campus and my CLK webpage along with other 
resources (i.e. Half-Life and Radioactive interactive webpages).  You should watch the 
videos 4-8 by Friday.  The 4th video is a “Goofy teacher” comparing physical vs. 
chemical properties to a modern song.  Videos 5-8 involve chemical reactions and 
chemical bonding which are very challenging concept.  You will need to review this 
information. 
 
Monday 3-19-12 – Periods 4, 5: (Aggressive Treatment Group Only) 
Students in these periods, were instructed to connect to the teacher’s CLK webpage via 
their iPad tablets and look at the Chapter 19 resources.  The instructor showed the 
students the Half-Life and Radioactive interactive webpages and pointed out the videos 
they should watch by Friday (3-23-2011). 
 
 
Email: Tuesday 3-20-2012 – All students (Periods 2-5) 
Under the Chapter 19 folder on my webpage, I have added an addendum presentation 
covering Half-life and radioactive decay.  You should review this information when 
trying to answer questions 4 & 5 on the Test Review (Due Friday 3/23). 
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Also under the Chapter 19 folder on my webpage, There are also 3 other chemistry power 
point presentations that you should review for the test next Tuesday 3/27.	  
 	  
The Chemistry Videos are now on My Big Campus and my CLK webpage along with 
other resources (i.e. Interactive Periodic Table).  You should watch the videos 4-8 by 
Friday.  The 4th video is a “Goofy teacher” comparing physical vs. chemical properties to 
a modern song.  Videos 5-8 involve chemical reactions and chemical bonding which are 
very challenging concept.  You will need to review this information.	  
 	  
Periodic Table (4 minutes)	  
 	  
Chemical Reactions: A nice overview (5 minutes)	  
 	  
 Chemical Bonding: This video walks you through how atoms create bonds and 
from compounds (10 minutes)	  
 	  
Chemical Bonding II: (10 minutes)	  
 
 
Email: Sunday 3-25-2012 – All students (Periods 2-5) 
 
Just wanted to give you a friendly reminder that the Chapter 19 Practice Quizzes are on Mr. 
Heflin's Webpage (under Chapter 19). 
  
Again, these are not going to be on Tuesday’s TEST, but do cover the same basic chemistry 
material. 
  





Email: Monday 3-26-2012 – All students (Periods 2-5) 
 
Just a friendly reminder that Mr. Heflin's Webpage has been updated.  The Chapter 19 Review 
(Power Point) and two different Practice Quizzes have been uploaded (see the bottom of the 
Chapter 19 webpage under attachments). 
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Email: Tuesday 3-27-2012 – Only to 5 students who missed the Summative Test 
 
You are missing the Chemistry Test and will have to make up the test tomorrow - Wednesday 
3/28. 
  
Immediately after scheduling your classes for next year, you need to come to my room and take 
your Chemistry Test. 
  
Mr. Heflin 
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APPENDIX D - Raw Data 
 
This appendix contains the current year class pretest and posttest scores for each 
individual student on each assessment item for periods 2, 3, 4, and 5.  The demographics 
for the current year class and two prior year classes (2010-2011 and 2009-2010) are 
displayed. 	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Class Pretest and Posttest Scores and Standard Deviations  
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Demographics: Current Physical Science Class 2011-2012 	  
 
 
















2011-2012 108 52.3% Total 3 10 50 58 
All CLK 
students 399 48.6% Total 6 28 193 206 
      
















Needs Aid  
2nd Period: 23 7 16 0 0 0 
3rd Period: 26 14 12 2 2 1 
4th Period: 25 13 12 10 1 1 
5th Period: 25 11 14 1 0 0 
TOTAL 99 45 54 13 3  
* 96 of 108 ninth grade and three sophomore students took physical science.  Twelve ninth grade students took biology.  
** There were 3 tenth grade students taking physical science.  These students opted out of the study 
 
                                   
     











out of Survey 
 






2ndPeriod: 23 20 1 1 2 
3rdPeriod: 26 23 0 1 2 
4thPeriod: 25 19 2 1 5 
5thPeriod: 25 23 1 2 0 
TOTAL 99 85 4 5 9 
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Demographics: Prior 2010-2011 Physical Science Class  
 
 
















2010-2011 121 54.5% Total 0 10 53 68 
All CLK 





















1st Period: 18 6 12 1 1 1 
2nd Period: 24 12 12 3 0 1 
6th Period: 23 13 10 5 0 1 
7th Period: 21 12 9 1 0 0 
TOTAL 86 43 43 10 1  
* 86 of 121 ninth grade students took physical science.  Thirty-five ninth grade students took biology.   
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1st Period: 21 10 11 6 0 1 
5th Period: 23 15 8 4 1 1 
6th Period: 25 14 11 4 1 1 
TOTAL 69 39 30 14 2  
* 67 of 96 ninth grade and two tenth grade students took physical science.  Twenty-seven ninth grade students took 
biology.  
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Appendix E - Institutional Review Board Forms 
 
This appendix includes the institutional review board letter of approval, letter sent 
to parents and guardians explaining the study and request for consent study, and the 
consent form for parents and students to sign. 
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Appendix F - Technology Survey 
 
Before taking this survey, students were given their individual progress reports.  
The information supplied by these reports included students’ current third marking period 
grade, chemistry test grade, and absences.  The original technology survey questions and 
the student responses are included in this appendix.  
 
Technology Survey Questions 
 
1. Type in your first and last name? 
 
2. What hour do you have Physical Science class? 
a. 2nd Hour c. 4th Hour 
b. 3rd Hour d. 5th Hour 
 
3. What is your 3rd marking period grade (T3)? 
a. A (93-100%) g.  C (73-76.9%) 
b. A- (90-92.9%) h. C- (70-72.9%) 
c. B+ (87-89.9%) i. D+ (67-69.9%) 
d.  B (83-86.9%) j. D (63-866.9%) 
e. B- (80-82.9%) k. D- (60-62.9%) 
f.  C+ (77-79.9%) l. E (0-59.9%) 
 
4. What was your grade on the Chemistry Test (Chapter 19)? 
a. A (93-100%) g.  C (73-76.9%) 
b. A- (90-92.9%) h. C- (70-72.9%) 
c. B+ (87-89.9%) i. D+ (67-69.9%) 
d.  B (83-86.9%) j. D (63-866.9%) 
e. B- (80-82.9%) k. D- (60-62.9%) 
f.  C+ (77-79.9%) l. E (0-59.9%) 
 
5. During the Chemistry unit (March), how many days were you absent from Physical 
Science class (sick or other reasons)? 
a. 0 Days (Never) d. 3 Days 
b. 1 Day  e. 4 Days 
c. 2 Days  f. 5 Days or more 
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10. It is helpful to have Mr. Heflin’s lesson plans (agenda) on the school webpage.  I can see 
everything that we are doing for the week - when homework and labs are assigned and 
when they are due. 
a. Agree c. Somewhat disagree. 
b. Somewhat agree. d. Disagree. 
Comments: 
 
11. When I was absent from school (sick or other reasons), I used Mr. Heflin’s webpage to 






12. It is helpful when Mr. Heflin emailed me reminders about upcoming quizzes, 
assignments, or when he put new resources (PowerPoint presentations, videos, and/or 
podcasts) on his webpage.  
a. Agree c. Somewhat disagree. 
b. Somewhat agree. d. Disagree. 
 
13. It is helpful that Mr. Heflin put videos covering the chemistry lessons and curriculum on 
his school webpage. 
a. Agree c. Somewhat disagree. 




14. Mr. Heflin put eight (8) videos covering the chemistry lessons and curriculum on his 
school webpage – Basics of Chemistry, Properties of Matter (2), Atoms & Elements, 
Periodic Table, Chemical Reactions, & Chemical Bonding (2).  How many did you 
watch? 
a. 0  f.  5 
b. 1 g. 6 
c. 2 h. 7 
d.  3 i. 8 
e.  4 
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15. It is helpful that Mr. Heflin put PowerPoint presentations covering the chemistry 
lessons and curriculum on his school webpage. 
a. Agree c. Somewhat disagree. 




16. Mr. Heflin put five (5) PowerPoint presentations covering the chemistry lessons and 
curriculum on his school webpage - Chapter 19 Reading Guides 1-3, Half-Life, & 
Chapter 19 Review).  How many did you watch? 
a. 0  
b. 1 
c. 2 
d.  3 
e.  4 
f.  5 
 
17. It is helpful that Mr. Heflin put podcasts (audio only) covering the chemistry lessons and 
curriculum on his school webpage. 
a. Agree c. Somewhat disagree. 




18. Mr. Heflin’s put two (2) podcasts (audio only) covering the chemistry lessons and 





19. It is helpful that Mr. Heflin put practice questions (quizzes) covering the chemistry 
lessons and curriculum on his school webpage. 
a. Agree c. Somewhat disagree. 
b. Somewhat agree. d. Disagree. 
 
20. Mr. Heflin’s internet resources (PowerPoint presentations, videos, and/or podcasts) were 
helpful in strengthening my understanding of the chemistry information. 
a. Agree c. Somewhat disagree. 




21. Mr. Heflin’s internet resources (PowerPoint presentations, videos, and/or podcasts) were 
helpful in clarifying misconceptions or things that I was confused about in the chemistry 
unit. 
a. Agree c. Somewhat disagree. 
b. Somewhat agree. d. Disagree. 
 
Comments: 
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22. Mr. Heflin’s internet resources (PowerPoint presentations, videos, and/or podcasts) 
focusing on historical figures and modern scientists helped me to see that science is an 
active process with many goals and differing paths. 
a. Agree c. Somewhat disagree. 





23. What I am learning in Mr. Heflin’s science class may be helpful in my future career. 
a. Agree c. Somewhat disagree. 




24. On average, how often does your parent or guardian look at Mr. Heflin’s webpage? 
a. Never  
b. Very Infrequently – once or twice a marking period 
c. Infrequently – once or twice a month 
d.  Frequently – once or twice a week  
e.  Very Frequently – more than twice a week 
f.  I don’t know how often, but they do check it 	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Technology Survey Results 
1. Type in your name (first and last) 
 Response Count Response Percent 
Total 81 100 
Skipped question 0 0.0 
 
 
2.What hour do you have Physical Science class? 
 
Answer Options Response Count Response Percent 
2nd Period 19 23.5 
3rd Period 23 28.4 
4th Period 17 21.0 
5th Period 22 27.2 
Total 81 100 
Skipped question 0 0.0 
 
 
3.What is your 3rd marking period grade (T3)? 
 
Answer Options Response Count Response Percent 
A (93-100%) 2 2.5 
A- (90-92.9%) 3 3.7 
B+ (87-89.9%) 6 7.4 
B (83-86.9%) 2 2.5 
B- (80-82.9%) 15 18.5 
C+ (77-79.9%) 4 4.9 
C (73-76.9%) 6 7.4 
C- (70-72.9%) 10 12.3 
D+ (67-69.9%) 7 8.6 
D (63-866.9%) 6 7.4 
D- (60-62.9%) 4 4.9 
E (0-59.9%) 16 19.8 
Total 81 100 
Skipped question 0 0.0 
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4.What was your grade on the Chemistry Test (Chapter 19)? 
 
Answer Options Response Count Response Percent 
A (93-100%) 2 2.5 
A- (90-92.9%) 3 3.7 
B+ (87-89.9%) 6 7.4 
B (83-86.9%) 2 2.5 
B- (80-82.9%) 15 18.5 
C+ (77-79.9%) 4 4.9 
C (73-76.9%) 6 7.4 
C- (70-72.9%) 10 12.3 
D+ (67-69.9%) 7 8.6 
D (63-866.9%) 6 7.4 
D- (60-62.9%) 4 4.9 
E (0-59.9%) 16 19.8 
Total 81 100 
Skipped question 0 0.0 
 
 
5. During the Chemistry unit (March), how many days were you absent from Physical 
Science class (sick or other reasons)? 
 
Answer Options Response Count Response Percent 
0 Days (Never) 21 25.9 
1 Day 13 16.0 
2 Days 18 22.2 
3 Days 10 12.3 
4 Days 10 12.3 
5 Days or more 9 11.1 
Total 81 100 
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6. Do you have access to a computer at home? 
Answer Options Response Count Response Percent 
Yes 74 91.4 
No 7 8.6 
Total 81 100 





7. Do you have internet access at home? 
Answer Options Response Count Response Percent 
Yes 76 93.8 
No 5 6.2 
Total 81 100 






8. Do you have wireless internet to use your iPad at home? 
Answer Options Response Count Response Percent 
Yes 69 85.2 
No 12 14.8 
Total 81 100 









	  	  172	  
9. Do you use your iPad before and/or after school in the library, study hall, or in 
the new commons area? 
Answer Options Response Count Response Percent 
Yes 57 70.4 
No 24 29.6 
Total 81 100 
Skipped question 0 0.0 
Student Comments 24 29.6 
Student Not Commenting 57 70.4 
 
 
Student Free Response Comments Classification 
1 I'm rarely here early or late. Neutral 
2 Only when I stay after (rarely) Neutral 
3 I no longer own an iPad. Neutral 
4 Works great! Wish I had a bit more freedom, or you had a page with recommended info sites that are not blocked. Positive 
5 I go home right after school cuz my only ride home is the bus Neutral 
6 Study hall, actually. Neutral 
7 Sometimes in the commons Neutral 
8 Mostly for random stuff.... I usually do my homework up home. Neutral 
9 Not a lot Neutral 
10 Have computer connection only at m mothers place Not Interpret 
11 I like to use my iPad in the commons area because it's normally quiet Positive 
12 No need Neutral 
13 Sometimes. Neutral 
14 Sometimes Neutral 
15 Not recently though because it smells funny in the commons..:( Negative 
16 Don't have an iPad Neutral 
17 Sometimes in the morning to look over things before class. Neutral 
18 Look at scores on the internet Neutral 
19 How’s your day Not Interpret 
20 Sometimes Neutral 
21 I hate [other teacher]* Not Interpret 
22 Yea dawg Not Interpret 
23 I love the Ipads!!!!!! Not Interpret 
24 I love the Commons area Not Interpret 
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10. It is helpful to have Mr. Heflin’s lesson plans (agenda) on the school webpage.  I 
can see everything that we are doing for the week - when homework and labs are 
assigned and when they are due. 
 
Answer Options Response Count Response Percent 
Agree 55 67.9 
Somewhat agree. 23 28.4 
Somewhat disagree. 2 2.5 
Disagree. 1 1.2 
Total 81 100 
Skipped question 0 0.0 
Student Comments 16 19.8 




Student Free Response Comments Classification 
1 If I'm absent I can check on what I missed. Neutral 
2 This is very helpful! Positive 
3 
I think study guides and reviews should have an answer key so 
we are sure to study the right thing. It really bothers me that you 
don't have that. 
Not Interpret 
4 But I don't always go on them Neutral 
5 I always check. Neutral 
6 I never really look Neutral 
7 I like it but for some reason it doesn’t show up for me. Neutral 
8 Because if we have a test I can try to study for that week. Neutral 
9 It's more helpful when he e-mails them or puts them on My Big Campus. Neutral 
10 It’s a good thing he has it. But I don't use it. Neutral 
11 If I miss class I know what to do, or I can know when an assignment is due. Positive 
12 It would be very helpful if I actually looked at them Neutral 
13 I don't use it but it could be good for when you are gone... Neutral 
14 I'm bored Not Interpret 
15 I hate [other teacher]* Not Interpret 
16 Mr. Heflin you are awesome Not Interpret 
* The name of the teacher has been removed for confidentiality. 
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11.  When I was absent from school (sick or other reasons), I used Mr. Heflin’s 
webpage to check what I had missed. 
Answer Options Response Count Response Percent 
Yes 20 24.7 
No 61 75.3 
Total 81 100 
Skipped question 0 0.0 
Student Comments 18 22.2 




Student Free Response Comments Classification 
1 Some days I knew what we were doing and other days I had to check. Neutral 
2 I check my schedule that I got every Monday Neutral 
3 I was never absent Neutral 
4 I honestly can't remember if I did the one day I was absent, so just going with no. Neutral 
5 But I did use the blue sheet for the week Neutral 
6 I have it written down Neutral 
7 I also look at the board or as Mr. Heflin Neutral 
8 But I was kind of confusing. Not Interpret 
9 Sometimes I do and don't. Neutral 
10 Was not sick Neutral 
11 I figured I could just ask the next day, didn't think about it. Neutral 
12 I got my work and talked to Mr. Heflin before I was absent. Neutral 
13 I wasn't absent Neutral 
14 Forgot Neutral 
15 Yay Not Interpret 
16 I’m sick, I’m not going to do school work... Negative 
17 I didn't need to because I got it before I was absent. Neutral 
18 I hate [other teacher]* Not Interpret 
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12. It is helpful when Mr. Heflin emailed me reminders about upcoming quizzes, 
assignments, or when he put new resources (videos, PowerPoint presentations, and 
audio podcasts) on his webpage. 
 
Answer Options Response Count Response Percent 
Agree 61 75.3 
Somewhat agree. 16 19.8 
Somewhat disagree. 2 2.5 
Disagree. 2 2.5 
Total 81 100 
Skipped question 0 0.0 
Student Comments 14 17.3 





Student Free Response Comments Classification 
1 
When he emails me (us) I usually go to the web page within the 
five-ten minutes following and go over the quizzes/presentations 
again. 
Positive 
2 Helps me study for tests and view what we have learned Positive 
3 I don't use them though Neutral 
4 I love that I'm reminded about tests and quizzes over the weekends and weekdays. Positive 
5 Email is not working Neutral 
6 So then I can study for them in advance. Neutral 
7 It got me more motivated to study/finish my work. Positive 
8 
If I actually got the emails at my home ahead of time it would be 
a great deal of help to me, but because I don't have access to Wi-
Fi where I live I don't receive these at home, I instead get them all 
when I come to school. 
Positive 
9 Otherwise I forget to study. Positive 
10 Helpful! Positive 
11 Forget to check emails sometimes Neutral 
12 Go calumet Not Interpret 
13 I never check my email Neutral 
14 I hate [other teacher]* Not Interpret 
* The name of the teacher has been removed for confidentiality. 
 
	  	  176	  
13.  It was helpful that Mr. Heflin put videos covering the chemistry lessons and 
curriculum on his school webpage. 
 
Answer Options Response Count Response Percent 
Agree 53 65.4 
Somewhat agree. 23 28.4 
Somewhat disagree. 3 3.7 
Disagree. 2 2.5 
Total 81 100 
Skipped question 0 0.0 
Student Comments 19 23.5 
Students Not Commenting 62 76.5 
 
 
Student Free Response Comments Classification 
1 I did not review all of them only a few. Neutral 
2 I didn't exactly have access to them but they helped other kids Positive 
3 I agree, but I didn't watch any Neutral 
4 But did not look at it Not Interpret 
5 Chemistry was difficult, the Power Points helped. Not Interpret 
6 They help when I think I need them Positive 
7 They helped me study for tests and quizzes. Positive 
8 Some were a little long but they definitely helped me learn better. Positive 
9 
When I saw the link to the physical changes song, I saw a video 
of Daniel Radcliffe singing all of the elements super-fast and I'm 
going to learn it!! >:D 
Not Interpret 
10 It would've been if I watched them. Neutral 
11 It’s helpful. But I don't use them. Positive 
12 I only watched 1, but even that worked. Positive 
13 They were boring, didn't watch all of them. Negative 
14 I never got to look at any of em' Neutral 
15 I didn't watch them... Neutral 
16 Didn't watch em Neutral 
17 I don’t watch the videos, i look over the Power Points Positive 
18 Gives a lot of information that is on the tests. Positive 
19 I hate [other teacher]* Not Interpret 
* The name of the teacher has been removed for confidentiality. 
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14. Mr. Heflin put eight (8) videos covering the chemistry lessons and curriculum 
on his school webpage – Basics of Chemistry, Properties of Matter (2), Atoms & 
Elements, Periodic Table, Chemical Reactions, & Chemical Bonding (2).  How 
many did you watch? 
 
Answer Options Response Count Response Percent 
0 28 34.6 
1 8 9.9 
2 10 12.3 
3 11 13.6 
4 6 7.4 
5 7 8.6 
6 2 2.5 
7 3 3.7 
8 6 7.4 
Total 81 100 
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15.  It was helpful that Mr. Heflin put Power Point presentations covering the 
chemistry lessons and curriculum on his school webpage.   
 
Answer Options Response Count Response Percent 
Agree 61 75.3 
Somewhat agree. 15 18.5 
Somewhat disagree. 4 4.9 
Disagree. 1 1.2 
Total 81 100 
Skipped question 0 0.0 
Student Comments 15 18.5 




Student Free Response Comments Classification 
1 Every once in a while I will go through all of them again for a review. Neutral 
2 Easier to look back on instead of books Positive 
3 I watched these Neutral 
4 I wish we would go over them in class more. Neutral 
5 I really like these! They're very helpful. Positive 
6 It's good but bad it's bad because all the answers are there in order and u don't have to search for them. Neutral 
7 It would've been if I watched them. Neutral 
8 Very nice for studying and making flash cards based off them.... Positive 
9 The first time I looked at them, I got my worst test score for this year. Just Sayin' Negative 
10 Science is the best Not Interpret 
11 They help me before tests, except for this one cause i forgot about it.... Positive 
12 I didn't watch them Neutral 
13 I hate [other teacher]* Not Interpret 
14 Use them before test! Positive 
15 I used it for the tests even though I still suck Not Interpret 
* The name of the teacher has been removed for confidentiality. 
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16. Mr. Heflin put five (5) Power Point presentations covering the chemistry lessons 
and curriculum on his school webpage - Chapter 19 Reading Guides 1-3, Half-Life, & 
Chapter 19 Review).  How many did you watch? 
 
Answer Options Response Count Response Percent 
0 23 28.4 
1 5 6.2 
2 16 19.8 
3 20 24.7 
4 7 8.6 
5 10 12.3 
Total 81 100 






























	  	  180	  
 
17.  It was helpful that Mr. Heflin put podcasts (audio only) covering the chemistry 
lessons and curriculum on his school webpage. 
 
Answer Options Response Count Response Percent 
Agree 26 32.1 
Somewhat agree. 32 39.5 
Somewhat disagree. 15 18.5 
Disagree. 8 9.9 
Total 81 100 
Skipped question 0 0.0 
Student Comments 22 27.2 
Students Not Commenting 59 72.8 
 
 
Student Free Response Comments Classification 
1 I didn't listen to any of them. Neutral 
2 Did to know about these Neutral 
3 I didn't know we had those Neutral 
4 Didn't know there where podcasts Neutral 
5 I didn't listen to them tho... Neutral 
6 Didn't even know you had podcasts..... Neutral 
7 I didn't see those, but I definitely would be helpful. Neutral 
8 It was good because I learned the curriculum but in a funny way. Positive 
9 Did not know he had them Neutral 
10 I didn't know there was any though... Neutral 
11 It would've been if I watched them. Neutral 
12 I think if you’re one of them people that learn from listening it is good. For them...... Neutral 
13 I think the videos or power points would be better than pod cast Neutral 
14 Weird Not Interpret 
15 I dont think people want to listen to podcasts. Negative 
16 Easier to watch or else read. Negative 
17 I didn't listen to any of them Neutral 
18 I didn't know there were any Neutral 
19 Didnt listen to em Neutral 
20 No Negative 
21 Never watched it Neutral 
22 I hate [other teacher]* Not Interpret 
* The name of the teacher has been removed for confidentiality. 
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18. Mr. Heflin put two (2) podcasts (audio only) covering the chemistry lessons and 
curriculum on his school webpage - General Chemistry (2).  How many did you 
watch? 
 
Answer Options Response Count Response Percent 
0 70 86.4 
1 8 9.9 
2 3 3.7 
Total 81 100 












	  	  182	  
19.  It is helpful that Mr. Heflin put practice questions (quizzes) covering the chemistry 
lessons and curriculum on his school webpage. 
 
Answer Options Response Count Response Percent 
Agree 60 74.1 
Somewhat agree. 18 22.2 
Somewhat disagree. 1 1.2 
Disagree. 2 2.5 
Total 81 100 
Skipped question 0 0.0 
Student Comments 17 21.0 





Student Free Response Comments Classification 
1 I usually review all of the practice quizzes that are available. Positive 
2 Helped me study greatly Positive 
3 It would be more helpful if we had the answers to check our work Neutral 
4 I would all ways take pictures of them to use at home. Neutral 
5 I never have the time to use these and I don't have Internet at home Negative 
6 They helped Positive 
7 Never took one from the webpage. Neutral 
8 You might want to try to set them up like the test questions more. Neutral 
9 Definitely helpful to me. Positive 
10 Didn't listen to the audio Not Interpret 
11 It helps me get a better understanding of what kind of topics will be on the quiz/test Positive 
12 Strongly Agree Positive 
13 It would've been if I did them. Neutral 
14 Keep the practice quiz it helps a lot Positive 
15 My brother likes chocolate Not Interpret 
16 I hate [other teacher]* Not Interpret 
17 Yea Dawg Not Interpret 
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20.  Mr. Heflin’s internet resources (Power Point presentations, videos, and/or 
podcasts) were helpful in strengthening my understanding of the chemistry 
information. 
 
Answer Options Response Count Response Percent 
Agree 37 45.7 
Somewhat agree. 36 44.4 
Somewhat disagree. 4 4.9 
Disagree. 4 4.9 
Total 81 100 
Skipped question 0 0.0 
Student Comments 12 14.8 





Student Free Response Comments Classification 
1 Sometimes I can't remember what I review but most of the time it helps to look at the presentations, quizzes, etc. Positive 
2 I didn't watch all of them. Neutral 
3 I had to look at them a couple times to understand something Positive 
4 I never actually used them, but they would be helpful if I did. Neutral 
5 Still manage to fail Negative 
6 They were kind of boring. Negative 
7 I understood it more than I thought I would with these videos Positive 
8 It would've been if I watched them. Neutral 
9 I never looked at the stuff Neutral 
10 Never ever watched a video Neutral 
11 My sister likes chocolate Not Interpret 
12 I hate [other teacher]* Not Interpret 
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21.  Mr. Heflin’s internet resources (Power Point presentations, videos, and/or 
podcasts) were helpful in clarifying misconceptions or things that I was confused about 
in the chemistry unit. 
 
Answer Options Response Count Response Percent 
Agree 31 38.3 
Somewhat agree. 44 54.3 
Somewhat disagree. 2 2.5 
Disagree. 4 4.9 
Total 81 100 
Skipped question 0 0.0 
Student Comments 10 12.3 





Student Free Response Comments Classification 
1 I remember one specific time when I had to look up a problem on the Power Points and it helped me. Positive 
2 I had a hard time trying to access videos and i didn't know about podcasts but pwrpnts helped Positive 
3 Especially on the half-life power pt. Positive 
4 The info needs to be condensed Negative 
5 Again, they would be helpful if I was confused. Neutral 
6 The ones he made weren't fun I like things that interest me. Negative 
7 It would've been if I watched them. Neutral 
8 Helped me with tests. Positive 
9 I like chocolate Not Interpret 
10 I hate [other teacher]* Not Interpret 
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22.  Mr. Heflin’s internet resources (Power Point presentations, videos, and/or 
podcasts) focusing on historical figures and modern scientists helped me to see that 
science is an active process with many goals and differing paths. 
 
Answer Options Response Count Response Percent 
Agree 20 24.7 
Somewhat agree. 45 55.6 
Somewhat disagree. 10 12.3 
Disagree. 6 7.4 
Total 81 100 
Skipped question 0 0.0 
Student Comments 6 7.4 





Student Free Response Comments Classification 
1 I didn't review any of this. Neutral 
2 Kinda knew that anyway. Would probably be helpful to others, though. Neutral 
3 I agree they'd help me see that, I've never viewed them. Neutral 
4 I agree with most of these, yet I rarely used the resources. Still helpful though. Neutral 
5 My dad likes chocolate Not Interpret 
6 I hate [other teacher]* Not Interpret 
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23. What I am learning in Mr. Heflin’s science class may be helpful in my future 
career. 
 
Answer Options Response Count Response Percent 
Agree 34 42.0 
Somewhat agree. 30 37.0 
Somewhat disagree. 9 11.1 
Disagree. 8 9.9 
Total 81 100 
Skipped question 0 0.0 
Student Comments 11 13.6 





Student Free Response Comments Classification 
1 I have been considering something in the medical field lately so I might be learning something useful. Neutral 
2 I mean, unless I end up writing hard Science Fiction... Neutral 
3 No doubt in my mind. Positive 
4 Might go into something science related. Neutral 
5 I learned more in this class than any other science class I had yet. Positive 
6 If I go into architecture or anything like that it would be good to know. Neutral 
7 Not really sure what I'm planning to be when I get older so I'm not really sure. Neutral 
8 Haha, I don't  think I'm going to be a scientist Neutral 
9 My mom likes chocolate Not Interpret 
10 Not really sure what my career should be yet. Neutral 
11 I hate [other teacher]* Not Interpret 
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Never 60 74.1 
Very Infrequently – once or twice a marking period 10 12.3 
Infrequently – once or twice a month 2 2.5 
Frequently – once or twice a week 2 2.5 
Very Frequently – more than twice a week 0 0.0 
I don’t know how often, but they do check it 7 8.6 
Total 81 100 
Skipped question 0 0.0 
Student Comments 19 23.5 
Students Not Commenting 62 76.5 
 
 
Student Free Response Comments Classification 
1 I don't think they have ever looked at it. Neutral 
2 My mother should. Neutral 
3 I've never told my parents about your website. Neutral 
4 They don't even know you have web page Negative 
5 I keep track of my schoolwork Neutral 
6 They do not know it's there Negative 
7 I don't think they know about it... Negative 
8 
I know that whenever I check it, my mother checks it with me to 
see what's going on in class and if she can help me with the 
topic we're learning. 
Positive 
9 When I need something explained to me my dad or sister looks at it to get ideas how to explain it to me........ Positive 
10 No idea Neutral 
11 Not sure Neutral 
12 She doesn't know about the teacher web pages Negative 
13 My parents never do Neutral 
14 Parents never seen the site, I do most of this stuff on my own. Neutral 
15 Hi Mr. Heflin!! Not Interpret 
16 My mom is too lazy and she's too obsessed with Zumba to do that.... Not Interpret 
17 She's way clueless about that stuff Not Interpret 
18 I still hate [other teacher]* Not Interpret 
19 Yea Dawg Not Interpret 
* The name of the teacher has been removed for confidentiality. 
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Appendix G - Teacher Webpage Activity Information 
The software program Google Analytics® was utilized to quantify the number of 
times the teacher’s webpage was accessed during the last 18 days (March 12 – March 30) 
of the research study.  The software program was also able to calculate the average time 
spent on the webpage for all the internet users during the specific time frame.  Google 
Analytics® summarized the origins of the internet users accessing the teacher’s webpage 
by city (in the United States) and the country (if not from the United States).  All the 
information was recorded and is displayed in Appendix F.  (Note: the teacher was not 
familiar with Google Analytics® until March12, which was the first day Google 
Analytics® was implemented).      
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